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NDER  this  article  are  to  be  included  all  thofe  ani-  Animal  oils 
mal  fubftances  that  have  an  un^luous  or  greafy  feel  when 
tabbed  between  the  fingers,  are  more  or  lefs  eafily  made 
to  inffame,  and  when  united  with  certain  bodies,  as  for 
inftance,  cauftic  alkalis,  form  foap  ;  an  acid  may  likewife 
be  extracted  from  them.  They  are  in  general  much  lefs 
fluid  than  the  fat  oils  of  plants,  and  fome  of  them  in  a 
concrete  ftate,  feem  to  have  undergone  a  fpecies  of  cryf- 
tallization.  ^ 

It  appears,  that  almoft  all  animal  fubftances  are  capa- 
ble of  being  converted  into  a  more  or  lefs  concrete  oil 
poffeffing  the  above  properties,  by  depriving  them  of  cer- 
tain of  their  component  parts  ;  this  takes  place  in  a  na- 
tural way  in  cemeteries,  where  large  heaps  of  animal  bo- 
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dies  are  amaflcd  togctlicr ;  or  this  efll-A  may  be  produced 
artificially,  as  by  means  of  the  nitrous  acid  ;  or  by  plac- 
inc:  animal  fubflances  in  fnch  a  fituation  as  to  jiive  the 
cari>on  and  hydjogen  an  opportunity  of  forming  an  inti- 
mate union;  hence  in  the  diftillation  of  animal  fubftances 
the  more  or  lefs  quantity  of  fluid  oil  obtained  is  faid  to  be 
owing  to  tliis  union  of  it's  two  component  parts  by  the 
aid  of  heat. 
Varieties.  Tiic  oil  of  animals  differs  very  much  in  confidence  ; 
in  the  herbivorous  and  frugivorous  tribes  it  is  firm  and 
folid,  and  is  called _/«(?/;  it  is  lefs  concrete  in  the  carnivo- 
rous clafs,  in  birds  and  in  the  pig,  in  which  it  is  called 
greafi  and  la^'d,  as  bear's  grcafe,  goofe  greafe,  and  hog^s 
lard ;  it  is  flill  lefs  fo  in  milk,  where  it  is  called  l^uiur, 
and  in  tiie  bone,  called  jnarrow,  whilft  in  the  palmata  and 
cetacea  clafles,  and  in  fifh  it  is  nearly  fluid,  and  is  called 
hluhher  and  oil.  It  is  likewife  lefs  folid  and  concrete  in 
the  living  than  in  the  dead  animal,  and  it  varies  even 
according  to  the  parts,  thas  it  is  more  folid  near  the  kid- 
nvivs  and  beneath  the  (kin,  and  lefs  firm  between  the 
mufcular  fibres  or  near  the  moveable  vifcera,  fuch  as  the 
heart,  ftomach,  and  intcftines.  This  more  or  lefs  concrete 
itate  which  an  animal  oil  is  fubje(5l  to,  is  faid  to  be  ow- 
ing to  the  abforption  of  oxygen,  it  has  likewife  beert  faid 
to  arife  more  particularly  in  fat  from  the  febacic  acid. 
Abounds  Animal  oil  is  found  to  vary  in  quantity  in  different  claflfes 
H*d!ftWenf  ^^^'^^"^^^'-  O^  t:omparing  the  quantity  of  it  with  the 
animals  and  \^x^\  of  the  body,  it  IS  morc  abundant  in  the  cetaceous  claf* 
than  in  amphibious  quadrupeds,  and  more  fo  in  the  Jaft 
than  in  the  frugivorous  clafs.  Carnivorous  animals  have 
thel  eaft  quantity.  Laftly,  it  is  more  abundant  in  winter 
than  in  fummer,  and  appears  deftincd  to  maintain  the 
heat  in  thofc  regions  where  it  is  placed,  and  to  contribute 
to  the  nourifhment  of  animals,  as  is  obfcrvable  in  bears^ 
the  mountam  rat,  the  dormoufe,  and  in  general  in  all 
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animals  liable  to  long  abftirience.  In  man  and  Ibme 
other  animals  it  accumulates  internally  to  preferve  the 
heat  of  the  principal  organs  of  life  as  age  advances.  It 
is  found  more  abundantly  in  fome  parts  than  in  others. 
In  quadrupeds,  and  birds,  and  in  the  human  body,  it  is 
depofited  in  pretty  confiderable  quantity  near  the  kidneys, 
under  the  fkin,  in  the  orbits  of  the  eyes,  in  the  epiploon, 
and  fometimes  at  the  point  of  the  heart.  In  man  there 
is  none  about  the  legs,  the  penis,  and  the  brain.  In  the 
cold-blooded  and  cetaceous  clalTes,  the  cavity  of  the 
cranium  forms  one  of  it's  refervoirs,  and  it  is  mixed  with 
the  parenchyma  of  the  liver.  According  to  Fourcroy,  it 
is  found  in  reptiles,  infefts,  and  worms,  but  in  thefe  ani- 
mals it  only  accompanies  the  vifcera  of  the  lower  belly, 
where  it  is  placed  in  the  form  of  knots,  whilft  on  the 
mufcles  and  under  the  fkin,  it  is  only  met  with  in  Imall 
quantities.     It  forms  one  half  of  the  liver  of  the  ray. 

Having  made  thefe  preliminary  obfervations,  animal 
oils  may  be  divided  into  fpermaceti^  fat,  fjlj  cr  thrati  o'll^ 
and  the  empyreumatlc  oily  extra6led  by  diftillation  from  all 
animal  fubflances. 

Spermaceti.  This  while  fubftance,  improperly  called  Sp;rmaceii. 
fpermaceti,  is  a  concrete,  oily,  cryftalline  matter,  confiding 
offmall  {hining  femitranfiiarcnt  fcales,  very  brittle,  of  a 
fatty  favour,  and  tallowy  fmell.  It  is  found  in  very  large 
quantities  in  the  cranium  of  that  fpecies  of  fi(h  called  by 
Linnaeus,  the  phvfeter  macrocephalus*  cacholot,  by  the 
French  ;  and  the  fpermaceti  whale,  by  the  Englifti ;  it  is 
likewife  found  in  lefs  quantity  in  the  phyfeter  catodone, 
micrope,  and  curfione. 

Since  this  matter  in  it's  natural  (late  is  mixed  with  a  Methods  of 
good  deal  of  oily  fubftance,  the  cuftom  was  to  put  it  intq/^^"^^  ^''"' 
a  woollen  bag,  and  let  the  fluid  part  run  through,  or  make 
ufe  of  preflTure,  whilft  the  more  fixed  oil  was  converted 
into  a  foap  by  means  of  alkaline  aflies  and  lime  water^ 
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and  then  waflied  until  the  fpermaceti  was  di'prlved  of  all 
foreign  parts,  and  became  perfe(5llv  white.     It  is  purified 
by  liqucHi^lion,  and  melts  at  108°  of  Fahrenheit, 
It's  finguUi      The  chemical  properties  of  this  fubUance  appear  to  be 
l-iopeities. .  ^.pj^,  fingulacr,  finCc  on  the  one  fule  thcv  make  it  refemble 
the  fixed  oil,  and  on  the  other  the  volatile.     It  melts  at 
35**  of  Reaumur,   which   property  makes  it  verv  conve- 
nient to  convert  into  candle?,  the  more  fo,  on  account  of 
it's  burning  with  a  very  clear  white  flame,  without  any 
bad  odour.     In  North  America  very  large  quantities  of 
Manufac-    thcfc  candles  are  made.     We  arc  informed  bv  Fourcrov, 

turcs.  ^  •  - 

that  a  few  years  a^o,  Lepefcheux  eftabliflied  a  manufac- 
torv  of  this  kind  in  the  Rue  I'Echiquier,  Fauxbourg  St. 
Denis,  at  Pari?  ;  the  procefs  he  makes  ufe  of  confifts  in 
letting  the  fifh  oil  repofe  in  wooden  cafks  lined  with  lead, 
and  at  the  bottom  of  thefe  calk?,  mafl'es  of  fpermaceti  are 
precipitated,  which,  previouflv  dilTolved  in  the  animal  oil, 
feparate  from  it  graduallv  bv  a  real  crvftallization.  In 
proportion  as  this  precipitation  takce  place,  the  oil  be- 
comes clear,  is  purified,  and  much  more  proper  for  lamps; 
when  the  oil  is  verv  clear,  it  is  decanted ;  the  fpermaceti 
taken  from  tlic  bottom,  is  prcfled  in  order  to  feparate  a 
portion  of  oil  which  adheres  to  it,  then  melted  by  a  gen- 
tle heat,  and  fevcral  times  fubmitted  to  preffure  and  fu- 
fion,  until  at  length  it  becomes  white,  cryftalline,  and  of 

Vormed  r.y-  a  fiher  colour.     In  this  fiate  it  is  moulded  into  different 
:9  candle?.     ,  ,     ,        - 

kuids  of  candle-,  which  are  of  a  fplcndid  whitencfs,  and 

of  a  much  more  beautiful  tranfparency  and  brilliancy 
than  wax.  They  are  alfo  manufaii-lured  in  England.  Ex- 
pofed  to  a  warm  air,  fpermaceti  becomes  veilow  and  ran- 
cid, but  lefs  eafilv  than  the  other  concrete  fixed  oils. 
The  water  in  wliich  it  has  been  boilal,  on  evaporation, 
gives  bat  a  llight  mucofo-uiiL^himis  refidue. 
pnlMietiby  Neumanu  apoears  to  have  been  the  only  one  of  the 
older  chemilh  v\ho  had  chemically  invefii<ialed  this  fub- 
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ft-ance;  he  found  on  dilUlIation,  that  it  w-snt  over  without 
leaving  any  refidue,  and  afforded  not  a  brown,  empyreu- 
wiatic,  (linking  oil,  but  a  butyraceou?  one,  which  coagu- 
lated in  the  cold.  According  to  Thouvenel,  who  Items  to  ThouvcjjcL 
have  appreciated  in  fome  mcafure  the  relations  and  dif- 
ferences of  this  concrete  fubflancc  with  refpc6t  to  the 
other  folid  oils,  it  affords  no  acid  phlegm  like  fixed  oils, 
but  paffes  over  entirely,  and  without  undergoing,  any 
change,  into  the  receiver,  from  the  time  it  begins  to  boil, 
leaving  in  the  retort  a  carbonated  trace.  By  repeating 
this  operation,  it  lofes  it's  folid  form,  and  remains  fluid, 
without  being  any  longer  volatile.  According  to  Mac-  Macqucr. 
quer,  it  gives  the  fame  produiSls  as  butter.  According  to 
Crell,  who  has,  by  many  experimctits  made  on  this  fubr  ^'<-'^'' 
fiance,  added  greatly  to  the  knowledge  of  it's  nature  and 
compofition,  he  found,  that  by  diftilling  fome  good  white 
fpermaceti  on  a  (and  bath,  it  acquired  a  greater  heat  to 
make  it  pafs  over  than  what  is  neceffary  for  fat ;  and  that 
he  obtained  a  coagulated  oil  which  appeared  partly  white, 
partly  of  a  brownilh  colour  -,  thaton  repeated  diliillation, 
it  afforded  a  vellowiHi  acid,  became  in  part  more  fluid, 
but  coagulated  again  by  degrees  on  repofe,  by  which  it  . 
differed  from  the  oil  obtained  frorn  fat.  The  acid  which 
by  difl;illation  became  colourlefs,  united  with  alkaljs  and 
calcareous  earth,  and  afforded  the  fame  neutral  falts  as  tlie 
fel^acic  acid;  whilil  the  oilj  ipixed  with  cauflic  ammonia^ 
afforded  a  fpecils  of  foap. 

Neumann  had  alleged,  that  the  alkalis,  even  in  a  cauftic  Aaiou  of 
ilate,  had  no  a£lion  on  fpermaceti,  and  it  was  in  vain  he  ?  ^"  "  "^^" 
attempted  to  convert  it  into  a  foap.     Lewis  was  of  the 
fame  opinion ;   and  SpieUnann  aiirecd  with  them  in  it's 
affording  110 foap.     Crell,  however,  v,ho  perceived  a  great 
fimilarity  between  fpermaceti  and  fat,  thought,  contrary 
to  the  opinions  of  the  above  chemifts,  that  it  might  be         i 
X^Qnverted  into  a  foap  ;  and  he  fucceedcd  fo  as  to  form  a 
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foap,  by  uniting  it  with  the  vegetable  alkali ;  it  had  how- 
ever a  much  milder  favour  than  the  common  fort.  It  is 
found,  that  this  foap  becomes  folid  by  degrees  even  to 
friability. 

Adds.  Althoucfh  it  has  been  fiiid,  that  acids  had  no  effect  upon 

it,  yet  the  concentrated  vitriolic  acid  diffolves  it,  change? 
it's  colour,  and  the  folution  is  precipitated  by  water,  like 
the  oil  of  camphor.  Achard  likewife  obtained  a  fpcrma- 
ceti  foap  by  means  of  the  vitriolic  acid  in  it's  diluted 
flate,  which  was  dccompofcd  by  the  calx  of  lead,  and  by 
lime;  but  neither  by  lead  nor  tin,  nor  by  diftilled  vine- 
gar. 

Sulphur.  We  arc  informed  by  Fourcroy,  that  it  unites  to  fulphur 

like  the  fixed  oil. 

Oil.  Volatile  and  fixed  oils  diffolved  it  by  the  aid  of  heat. 

Alcohol.  It  is  alfo  diflbived  by  alcohol  when  warm,  from  which 

it  falls  down  on  becoming  cool.  It  was  found,  that  one 
oz.  5  drachms  of  alcohol  at  3S^  of  the  areometer,  took 
«p  6  grains  of  fpermaccti,  but  on  cooling,  the  whole  was 
precipitated. 

JEt'ier.  ^ther  diffolves  it  without  heat. 

Such  are  the  properties  which  fpermaceti  prefents  to 
the  chemift,  as  it  exifts  ready  formed  in  animals.  A  fur- 
ther inveftigation  of  this  fubftance  however  proves,  that 
it  is  not  peculiar  to  the  cetacea  clafs  ;  and  hence  that  it's 

Feveraifpe-  name  is  now  mifapplied.     From  the  experiments,  more 

rnacai.^'^'"  Particularly  of  Fourcroy,  it  appears,  that  this  concrete 
oily  body  forms  a  genus  in  the  animal  kingdom,  of  which 
there  are  feveral  fpecies.  It  appears,  that  it  is  even  very 
abundant  in  it,  forming  an  oil  wliich  peculiarly  belongs 
to  it,  fince  nothing  of  a  fimilar  nature  has  been  difcover- 
ed  amongft  vegetables.  Thefe  fpecies,  as  Fourcroy  calls 
them,  are  found  to  be  produced  either  by  the  natural  de- 
compofition  of  animal  fubfianccs,  by  the  efre<fts  pf  dif- 
eafe,  or  by  the  artificial  n:vpans  which  chcraiftry  affords. 


OILS.  7 

ift.  The  firft  fpecies  of  fpermacetl  is  iha.t  peculiar  con-  i-Tha'pro- 

.  .  duced  by 

crefcible  oil,   which  Fourcroy  round   to  be  united  in  dif-  putrefaaion, 
ferent  proportions  witli  ammoniaj  fo  as  to  form  a  fat  foapy 
matter  in    the  common  pits  of  the  churchyard  of  the 
Innocents,  at  Paris.     It  appears  to  be  very  different  from 
all  other  known  oily  bodies.     This  concrete  oil  feparates 
fpontaneoufly  from  the  ammonia  by  the  heat  of  the  at- 
mofphere,  and  is  found  ifolated  in  lamellae  or  yellowifb 
pellucid  fragments  in  the  mafles  of  foap  expofcd  to  the 
air.     It  may  likewife  be  feparated  by  mearis  of  acids, 
and  it  was  in  this  manner  that  Fourcroy  obtained  it,  in 
order  to  examine  it's  properties.     When  feparated  from 
the  fatty  foap  by  acids,  it  always  retains,  more  or  lefs,  the 
water  either  of  the  foap  or  acid,  which  being  lodged  be- 
tween it's  particles,  gives  it  a  more  or  lefs  white  colour, 
agranular  texture,  and  great  lightnefs)  and  this  charaAer 
is  much  better  marked  in  it,  than  in  any  other  fpecies  of 
oil  hitherto  known.     This  extreme  avidity  to  retain  v.a-  i^'^  ^^eat 
ter  appears  to  belong  to  the  primitive  foapy  ftate  of  this  ^*^."y  *<* 
fubilance;   a  part  of  it  is,  however,  to  be  feparated  either 
by  fufion  or  by  expofmg  it  in  fmall  flakes  to  the  dry  air, 
and  if  it  be  again  melted,  after  this  laft  experiment,  if 
rs  commonly  much  lefs  white  than  before,  and  lofes-it's 
granular  texture.     The  degree  likewife  of  concentration 
of  the  acids  employed  to  feparate  it,  changes  it's  proper- 
ties.   In  general,  every  acid  that  is  weak  and  diluted  with 
water  varies  it's  properties.    Concentrated  fulphurie  acid,  Acids  vjiy 
by  expofing  a  portion  of  it's  carbon,  renders  it  blackilfi,  "^^  ^■"^"^'"^' 
of  which  hue  it  cannot  afterwards  be  deprived.     Strong 
nitric  acid  gives  it  a  lemon  colour,  which  it  prefervcs  a 
long  time  againft  the  aftion  of  the  air  and  light.     The 
muriatic  acid  leaves  it  unchanged,  with  it's  white  colour. 
The  acetous  acid  the  fame.     To  procure  this  fubftanceas  Method  of 
white  as  poffible,  the  foap  muft  be  firll  diflblved  or  tem-  ^'^<'''-'^"^s  "• 
pered  with  12  times  it's  weight  of  hot  water,  and  then  be 

B  4 
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ilcconipofed  by  the  acid.  The  concrete  animal  oil  thus 
prepared,  appears  to  be  very  white  as  long  as  it's  flakes 
retain  water,  but  in  proportion  as  they  become  drv  by 
the  conta6l  of  the  air,  or  efpecially  when  melted  to  be 
united  in  one  mafs,  it  then  becomes  of  a  brownifh  or  vel- 
lowifli  grey  colour,  and  this  fliade  appears  in  almofl:  all 
the  operations  it  is  made  to  undergo.  Fourcroy  attempt- 
ed to  bleach  it  by  expofure  to  the  air,  without  effeft,  but 
the  oxygenated  muriatic  acid  in  large  quantity  kept  in 
contact  with  it  60  days,  gave.it  a  fufHciently  beautiful 
white  colour,  which  however  foon  diflipated  on  melting, 
and  was  replaced  by  the  dirty  yellow  (liade. 
It's  proper-  With  refpeft  to  the  properties  of  this  concrete  oil,  it 
*'^^'  is  of  a  granular  texture,  and  foft  to  the  touch  when  it  con- 

tains water;   on  being  preflcd  between  the  fingers,  the 
grains  feparate   by  giving  way,  but  by  the  heat  of  the 
Compared    hand  it  foon  becomes  dudile.     When  dry,  and  deprived 
ted  and       of  water,  it  is  of  a  lamellated  crvflalline  texture,  if  fufifercd 
*'''*  to  orow  gradually  cool  ;  if  it  becomes  fuddenly  cool  it's 

grain  is  compadl;  in  the  firfl  cafe  it  refembles  fpcrmaceti, 
in  the  fecond  it  is  analogous  to  wax  ;  hence  the  reafon  of 
it's  being  called  by  both  thefe  names.  In  both  flates  of 
cryflaliization,  whether  granular  or  lamellated,  when  well 
dried,  it  is  fonorous,  breaking  with  a  fnap  like  wax  ;  the 
firfl  of  thefe  analogies  however  is  niuch  better  pronounced 
than  the  fecond,  and  it  is  with  fpermaceti  that  it  has  al- 
ways appeared  to  Fourcroy  to  have  the  neareft  relation. 
Like  it,  it  is  fmooth,  greafy,  and  un6luous  to  the  touch  ^ 
it  has  neither  the  dry  nor  the  hard  feel  of  wax  j  it  does  not 
break  as  wax  does,  but  is  lamellated  and  fhining  like  fper- 
maceti; it  is  not  duclile  like  bees  wax,  but  cruflies  like  the 
other.  It  melts  however  at  a  lefs  heat  by  3°  than  fperma- 
ceti /.  e,  at  42°  of  Reaum.  It  alfo  became  cool  and  fix- 
ed much  fooner,  was  harder,  and  more  ferifibly  brittle. 
Weil  purified  and  waflied,  it  has  fcarcely  any  cdouij 
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whilft  fpermaceti  has  a  peculiar  one.  Like  fpermaccti, 
it  is  foluble  in  alcohol  by  means  of"  heat ;  but  in  propor- 
tions and  with  appearances  Ibniewhat  difl'crent.  One 
ounce  of  alcohol  between  39  and  40^  of  Reaumur's  areo- 
meter difTolved  at  the  boiling  point  12  drachms  of  this 
concrete  oil,  whilft  the  fame  quantity  of,  alcohol  at  the 
fame  temperature,  only  diirolves  from  30  to  36  grains  ot 
fpermaceti.  When  the  alcoholic  fulution  of  the  firil 
is  cool,  it  becomes  a  concrete  granular  mafs.  in  which  the 
liquid  alcohol  is  not  feen.  If  the  proportion  of  this  laft 
be  increafcd  fo  that  the  concrete  oil  only  makes  ^  of  it's 
weight,  this  matter  feparates  in  grains  or  crylialiine 
flocks,  and  there  only  remains  a  fcarcely  perceptible  quan- 
tity of  it  in  the  cold  alcohol.  Spermaceti,  likewife  dif- 
folved  in  alcohol,  is  precipitated  on  cooling,  but  it's  fe- 
paration  takes  place  much  fooner,  and  it  takes  a  much 
more  regular  and  cryftalline  form. 

Ammonia  difTolves  this  concrete  oil  with  lingular  fa-  Ammonia 
cility,  and  even  in  the  cold,  whilft  fpermaceti  is  not  at 
all  diffblved  by  it  in  the  cold.  By  heat,  this  alkali  forms 
with  it  a  very  frothy  foap,  the  folution  of  which  is 
clear  and  tranfparent,  but  fpermaceti  never  produces  this 
effeft  even  when  the  ammonia  is  in  excefs. 

It  appears,  therefore,  that  this  concrete  oil  refembles 
fpermaceti  in  it's  form  more  than  any  other  oily  fub- 
fiance,  but  that  it  differs  from  it  in  it's  very  tenaciou-T 
colour,  it's  greater  fufibility,  it's  property  of  retaining 
water,  it's  being  twenty-four  times  more  foluble  in  alco- 
hol, and  in  ammonia.  Thefe  laft  qualities,  as  well  as  it's 
fonorous  brittle  quality;  and  it's  often  granular  texture,  fja?th? 
give  it  a  rcfemblance  to  wax  :  it  mav  therefore  be  called  '"."''^  "^ 

"    ^  ■'  adipocerous 

adipocerous  matter.  matiei. 

A  concrete  oil,   analagous  to  fpermaceti,   was  likewife  a  fimiia-- 
extrafted  by  Fourcrov  from   a- piece  of  a  human  liver  *^"''*^^^*"f 
given  him  by  Poulletier  de  la  Salle ;   it  had  been  fuf-  ^'^"^  ''^c!-. 
pended  in  the  open  air  for  ten  years,  and  was  b-ccoms 
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dry,  after  having  undergone  a  ftate  of  putrcfa6lion. 
From  the  experiments  of  Fourcroy  on  the  Wxtv,  he  found 
that  alkaU  diflolved  a  part  of  it,  and  formed  with  it  a 
foap.  That  alcohol  diflblved  a  part  alfo  of  it,  which  on 
the  addition  of  water  depofited  a  white  jiaky  fubftancc. 
This  fubftance,  deprived  of  a  fmall  portion  that  was  fo- 
luble  in  water,  was  of  a  yellowifh  colour,  foft  and  greafy 
to  the  touch,  like  a  concrete  oil  j  water  melted  it  under  a 
boiling  heat,  but  did  not  take  away  it's  colour.  It  had 
then  a  (light  odour  like  melted  wax.  On  being  caft  into 
a  porcelain  cup,  it  became  fixed  into  a  folid  brittle  cake, 
of  a  poliflied  furface,  and  fnapped  on  breaking.  It's  in- 
ternal texture  was  lamellated  and  manifeftly  cryflallized. 
Heated  alcohol  completely  dilTolved  it,  and  it  prefented 
all  the  properties  of  fpermaceti,  with  this  only  difference, 
that  it  was  not  fo  dry,  white,  and  tranfparent,  but  more 
foluble  in  alcohol  than  fpermaceti.  This  appeared  to 
be  in  a  ftate  of  foap  in  the  liver,  for  water  likewife  ex- 
tracted it  by  means  of  heat,  and  the  oil  was  afterwards 
rendered  concrete  on  cooling,  but  the  fmall  quantity  of 
liver  prevented  this  chemifl  from  making  any  further 
experiments.  Vauquelin  likewife  extracted  an  oil  from 
the  liver  of  the  fkate,  which  became  white  as  fat  and  as 
thick,  and  very  fimiiar  to  wax  that  had  been  kept  warm 
between  the  fingers  for  fnme  time. 
B.  Bydif-  2d.  Having  given  Tome  account  of  this  concrete  oily 
'^^^'  matter  produced  by  putrefaftion,  the  fecond  fpecieg  com- 

prehends that  produced  by  difeafe,  as  in  the  biliary  cal- 
Li  biliary  culi ;  for  the  chemical  invefligation  of  which  we  are 
calculi.  Jikewife  indebted  particularly  to  Fourcroy.  It  is  obferved, 
on  treating  on  biliary  calculi,  that  PouUetier,  on  dilfolv- 
ino-  fome  in  alcohol,  found  that  it  depofited  a  lamellated 
brilliant  fub fiance,  refembling  boracic  acid.  It  is  this 
matter  that  Fourcroy  found  to  have  a  great  analogy  to 
fpermaceti.     Having  diiiolved  part  of  fome  of  thefe  cal- 
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culi  in  alcohol  by  means  of  heat,  on  cooling,  he  found  Method  of 

,         r      1  ■  r      i""-        1     Ml-  obtaining  it, 

the  folution  depolited  a  great  quantity  or  white  bnlhant 
cryftals,  which  were  the  concrete  oil  to  be  examined. 
Having  expofcd  them  to  heat,  they  foon  melted,  and 
formed  a  yellow,  uncluous,  roapy  liquor,  very  fmall  in 
bulk  to  what  thcv  were  before;  this  liquor  exhaled  an 
odour  like  wax.  On  continuing  the  heat,  a  penetrating 
white  vapour  arofe  like  that  from  a  roafled  oil  j  on  cool- 
ing, it  became  a  concrete,  brownifh,  drymafsj  brittle, 
and  in  it's  frafture  prefented  a  laminated,  and  polifhed 
ftru6lure,  which  announced  a  cryftallization,  or  at  leaft 
a  remarkable  tendency  to  it.  Thefe  phenomena  fucceed 
each  other  very  rapidly,  and  by  a  very  feeble  heat.  If 
this  cryftalline  matter  be  heated  fuddenly,  and  ftrongly, 
it  becomes  entirely  converted  into  vapours,  and  only 
leaves  a  brownifh  yellow  fpot  in  the  lilver  fpoon  in  which 
it  is  melted. 

Water  has  no  eiFeft  upon  it;  in  boiling  v/ater  it  melts  Aftionof 
and  rifes  to  the  top  like  an  oil,  and  becomes  concrete  ^ponlu 
again,  on  cooling. 

Liquid,  cauflic,  fixed  alcalis,  diffolveltin  the  cold,  and 
form  with  it  foaps. 

The  nitric  acid  diffolves  it  without  heat  or  effervef- 
cence,  forming  a  folution  that  rt(cmh]es  oil  of  camphor. 
It  is  decompofcd  by  water,  and  flakes  and  lamella  are 
Separated  in  their  former  ftate. 

Alcohol  when  hot,  diffolves  a  large  quantity ;  according 
to  Poulletier,  one  oz.   5  drs.  and  12  grs.   of  alcohol  dif-  - 
folved  at  60^  of  Reaum.   50grs.  of  this  wdiite  cryffalline 
matter;  but  the   greater  part  feparates  on   cooling.     It 
was  thefe  laft  refults  that  convinced  Fourcroy  of  the 
flriking  analogy  between  this  fubflance  and  fpermaceti. 
Calculi  of  the  gall  bladder  are  even  found  in  fome  cafes  Forms  illi- 
to  be  totally  formed  of  this  concrete  oily  mattery  for  ^"^^ '^^ 
which  fee  article  biliary  calculi. 
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5,  Bv  ni-         3,  Befidcs  the  converfion  of  animal  fubilanccs  iulo  a 

Uousacid.  f       ,  1-         r  •      , 

concrete  oilv  matter,  relcnibling  ipermaccti,  by  nietiis 
of  natural  decompofition,  anti  that  broucht  about  by 
difeafc,  it  has  been  found  by  Gibbs,  that  the  fame  con- 
▼erfion  takes  place  by  the  nitrous  acid;  and  the  concrete 
oil  obtaincdj  has  precifcly  the  fame  characters  as  that 
obtained  by  water,  vide  putrcfai^lion.  That  which  he 
obtained  from  human  mufclc  was  melted,  and  the  ther- 
mometer rofc,  when  plunged  into  it,  to  1G0°;  it  con- 
Sfper'.''  gealedatUS^  and  became  foUd  at  lio^j  whilft  fper- 
maceti.  niaceti  of  the  fhops,  under  the  fame  circumflances,  when 
fufed,  forced  the  thermometer  to  170°;  at  1 17°  a  pellicle 
was  formed  on  the  fubftance,  and  it  became  perfe£lly 
Iblid  at  114°. 

A  piece  being  diffolved  in  boiling  fpirit  of  wine,  the 
mixture  let  fall  a  great  quantity  of  this  waxy  matter  in 
the  form  of  beautiful  flakes  ;  large  cryftals  could  not  be 
procured,  but  the  flakes  aflurned  ■  a  cryftallinc  appear- 
ance, 
piftiikd.  A  fmall  quantity  was  put  into  a  copper  retort,   and 

placed  on  a  common  fire  :  at  firft,  there  came  over  a  lim  • 
pid  fluid  like  water,  without  much  fmell ;  by  a  fl:ronger 
heat,  an  oily  fluid  arofe  which  foon  coagulated  ;  it  was 
of  a  firmer  confifl:ence  than  when  put  in,  and  coloured  of 
a  beautiful  green  by  the  copper;  which  lad  circumftancc, 
he  thinks,  proves  that  it  contained  no  ammonia. 

Some  of  this  waxy  matter  was  put  with  fome  finely 
Jevitrated  charcoal  into  an  earthern  retort,  a  ftrong  heat 
was  applied,  when  a  fmall  quantity  of  an  oilv  fluid  came 
over,  which  concreted  on  cooling  ;  after  which  came  over 
a  prodigious  quantity  of  thick  white  vapours,  very  fuf- 
focatinc:  and  offenfive. 

The  nitrous  acid  converts  fiefli  Into  this  fubflance  in 
three  or  four  days,  and  he  found  that  when  this  feba- 
ceous  matter  was  produced  from  the  human  fubjeft,  it 
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all umes  a  very  beautiful  and  regular  cryflalline  appearance?, 
whilft  that  from  quadrupeds  feems  not  difpofed  to  cryf- 
tallize. 

After  the  converfion  by  water,  this  fubflance  has  a  dif- 
agreeable  odour  j  and  although  the  nitrous  acid  takes  off 
the  (Treated  part  of  the  fetor,  it  gives  it  a  yellow  colour 
and  the  fmell  of  the  acid,  which  mere  wafhing,  and  the 
addition  of  alcalis,  will  not  entirely  remove.  In  order  to  Method  oF 
whiten  this  fubftance,  the  following  procefs  will  make  it  '  ^'^'"'S' ' 
very  pure  and  beautiful,  but  not  fo  white  as  the  fperma- 
ceti  of  the  (liops.  It  is  broken  into  fmall  pieces,  and  ex- 
pofcd  for  fome  time  to  the  combined  aftions  of  the  fun 
and  air,  by  which  it  lofes  a  great  deal  of  it's  fmell,  and 
acquires  a  firm  confiftence.  It  is  then  powdered,  and 
weak  nitrous  acid  poured  upon  it;  in  an  hour  a  froth 
15  formed,  and  the  acid  is  decanted,  and  the  fubftance 
repeatedly  waflied,  then  melted  in  hot  water,  and  when 
cool,  is  concreted,  and  is  of  a  beautiful  flraw  colour,  and 
has  the  agreeable  fmell  of  the  beii  fpermaceti.  This 
might  be  made  ufe  of  in  the  arts. 

It  may  be  proper  to  obferve  here,  that  previous  to  the 
experiments  of  Gibbs,  Berthollet  had  already  ufed  the 
fame  method  of  feparating  animal  oil  from  the  different 
parts  of  animals.  He  extraclcd  the  nitrous  acid  from 
thefe  fubftances,  but  not  in  Icfs  quantity  than  is  fufficient 
to  obtain  the  oxalic  acid,  which  is  from  feven  to  eight 
parts,  and  this  afforded  him  a  fat  matter.  Of  thefe  fub- 
ftances, gelatin  gave  him  the  leaft  fat ;  filk,  wool,  and 
hair,  the  moft.  A  fmall  quantity  went  over  with  the 
acid,  coloured  it  yellow,'  and  gave  it  the  fmell  of  animal 
oil.  This  fatty  matter  was  not,  however,  in  a  concrete 
ftate. 

This  converfion  of  animal  fubftai^ces  into  this  concrete  The  conver- 
fatty  matter  is  faid  to  arife  by  depriving  them  of  their  cou^ttd  for. 
azot;  but  with  refpecl  to  the  utility  of  the  knowledge  of 
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thefe  changes,  the  matter  may  be  either  converted  into 
foap,  or  manufactured  into  candles,  as  it  burns  with  a 
fine  flame.  By  comparing,  therefore,  fpermaceti  with  the 
concrete  oil  feparatcd  from  the  foapy  matter  of  inhumed 
bodies,  with  that  fcparated  from  the  dried  liver,  and  with 
that  which  exifts  in  ahund-ance  in  biliary  calculi,  Four- 
croy  has,  it  appears,  found  differences  in  the  forms,  dry- 
refs,  fufibilitv,  and  folubiiity  in  alcohol  and  in  sether, 
which  are  very  remarkable,  but  which  have  not  prevented 
him  from  making  the  refemblance,  and  from  confidering 
them  as  matters  of  the  fame  genus,  differing  only  in  thefe 
fpecific  characters  J  whether  thefe,  however,  are  fpecific 
differences,  or  only  varieties,  further  obfervations  muft 
.    ,        prove.     It  remains  therefore  to  determine, 

A  iiiniier      *        ^  » 

invcit;^j-     -     ift.  Thcrcal  compofition  of  thefe  concrefcible,cryflal- 

quirid"  lizable  oils,  which  are  neither  butters,  fuets,  nor  waxes ; 
which  do  not  exift  in  vegetable  fubftances  according  to 
their  prefcnt  analyfis,  and  which  differ  from  the  concrete 
oils  of  plants,  as  the  liquid  oils  of  animals  differ  from  the 
liquid  oils  of  vegetables : 

^d.  The  diverfified  compofition  of  thefe  fpecies  which 
conftitutc  this  newly  diftintruiflied  genus  of  cryftallizable 
animal  oils,  their  relations  between  them  and  the 
liquid  animal  oils,  and  their  formation.  Thefe  difco- 
vcries  appear  now  within  the  reach  of  chemiflry,  and  no 
doubt  will  be  effeCted  by  thofe  who  undertake  the  labours 
they  require.  Fourcroy  has  already  begun  the  inveftiga- 
tion,  by  treating  the  oil  extracted  from  bile,  (which  has 
been  falfely  looked  upon  as  a  refin)  by  the  oxygenated 
muriatic  acid,  and  he  has  converted  it  into  a  dry  ancl  con- 
crete fubftance,  analogous  to  fpermaceti.  The  flow  decom- 
pofition  of  folid  animal  fubflances,  inhumed  in  a  mafs, 
prove  alfo  by  the  converfion  of  the  mufcles  and  ligaments 
into  fat,  that  the  fibrous,  albuminous,  and  gelatinous 
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»iatter  may  pafs  into  a  concrefclblc  oil.  It  will  likewife  not 
be  foro-Qt,  in  the  analyfis  of  fpermaceti,  and  the  animal 
concrefcible  oils  that  refemble  it,  to  inveftigate  the  caufe  of 
it's  being  fo  abundantly  formed  in  the  cetaceous  clafs, 
and  the  ufe  of  it  in  the  cavities  of  the  cranium,  and  in 
the  fpinal  marrow,  and  the  reafon  why  it  is  found  in 
oreater  quantities  in  animals  that  breathe  little  than  in 
thofe  which  refpire  much,  /.  e,  in  warm  blooded  animals, 
and  why  in  thefe  lall  this  concrete  oil  appears  only  to  re- 
fide  in  the  liver  and  the  bile,  whilfl  it  exills  fo  univerfally 
in  the  animals  with  cold  blood. 

fat. — This  is  a  fixed  oily  fecretion,  which  in  point  of  Fat. 
confiftence  appears  to  hold  the  medium  rank  between 
fpermaceti  and  the  fluid  oils ;  it  is  not  fo  concrete  as  the 
one,  and  more  fo  than  the  other.  It  is  formed  at  the  ex- 
tremities of  the  arteries,  according  to  the  heft  authors,  and 
at  the  greatefl.  poflible  diflance  froiii  the  centre  of  mufcu- 
lar  motion,  and  of  animal  heat,  by  which  means  it  prc- 
fents  a  fpecies  of  refervoir  where  a  great  quantity  of  hy- 
drogen, not  evacuated  by  the  lungs,  becomes  fixed. 

In  young  animals  it  is  of  a  white  colour,  and  has  a 
mild  iafipid  favour,  but  in  adults  it  very  often  tends  to  a 
vellow  colour,  and  as  age  advances  it's  colour  becomes 
deeper  and  it's  favour  ftronger. 

To  obtain  it  pure,  and  fit  for  chemical  experiments,  it  Hovrpuri: 

flwd, 

muft  be  cut  into  fmall  pieces  ;  the  membranes  and  fmall 
veflTels  are  then  feparated  ;  it  is  wafhed  in  a  large  propor- 
tion of  diftilled  water,  to  deprive  it  of  all  it's  gelatinous 
part,  kneaded  bv  the  hand  and  the  v/ater,  renewed  until  it 
becomes  infipid  and  colourlefs;  the  fat  is  then  to  be 
melted  by  a  moderate  heat  in  a  glafs  or  new  earthen  veflel, 
together  with  a  little  water,  which  when  evaporated,  the 
boiling  noife  of  the  fat  in  fufion  ceafes.  It  is  then  to  be 
poured  while  hot  into  another  veffcl,  where  it  fixes  on  pool- 
ing and  becomes  fclid.    The  ufe  of  the  water  added  to  thq 
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fat,  is  to  prevent  it's  roaRiiig  and  becoming  black;  it 
likewife  forms  a  fpccics  of  water  bath,  rendering  the  heat 
more  equal ;  but  it  is  neccflTary  not  to  let  any  remain,  as 
it  would  haften  it's  rancidity.  This  is  known  by  drop- 
ping a  little  of  it  on  fome  red  hot  coals,  where  it  burns 
wifhout  crackling,  if  it  retains  no  humidity. 

Fat  when  thus  purified,  is  white,  nearly  inodorouF,  or 
has  rather  a  weak  aroma  that  is  peculiar  to  it;  it's  favour 
is  mild,  and  oily,  and  in  this  (late  it  approaches  very 
much  to  the  fat  vegetable  oil?,  as  thofe  of  olives,  ben- 

« 

zoin,  &c.  which  have  no  rcfmous  or  gummy  properties, 
and  are  not  ficcative. 

Exnmined  F'^t  when  examined  by  the  microfcope,  is  faid  to  exhi- 
bit a  number  of  yellowifli  vcficles,  formed  of  a  very  thin 
and  tranfparcnt  pellicle  containing  an  oily  fluid.  Thefe 
veficles  differ  in  fize  in  various  animals;  according  to 
Wolf,  the  fat  of  the  pullet  is  contained  in  fmaller  veficles 
than  thofe  of  any  other  animal,  whilft  the  veficles  of  the 
goofe  are  larger,  and  arranged  with  more  regularity.  The 
next  in  order  are  the  human  ;  but  the  moft  confiderable 
are  thofe  of  the  hog.  It's  only  refervoir,  according  to 
Scopoli,  is  the  cellular  membrane. 

It's  3!:;iiy-  With  rcfpcft  to  the  chemical  analyfis  of  fats,  Neu- 
mann,  from  his  diHillation  of  the  fat  of  the  ffoofe,  the 
pig,  the  fhcep,  and  the  ox,  from  which  he  obtained  an 
em pyreun^'^-tic liquor,  brown  oil,  and  charcoal;  and  from 
his  other  analyfcs,  concludes,  there  is  but  little  diffe- 
rence in  fats ;  tl^at  the  fat  of  the  ox  only  appeared  to 
contain  a  little  more  earthy  matter.  He  looks  upon  them 
as  a  phyfical  mixture  of  oily,  gelatinous  and  aqueous 
parts,  vi'ith  a  litdc  earth,  and  fome  faline  parts  inter- 
pofcd. 

It  is  fcarccly  neceffary  to  obferve,  how  far  the  experi- 
ments and  obfervations  of  this  chemifi:  are  diftant  from 
the  prefent  prccifion  of  chemical  operations.     He  takes 


OILS.  17 

♦10  notice  of  the  lofs  of  one  part  into  it's  aeriform  ele* 
Rients,  and  decides  without  any  examination,  that  the 
coaly  refiduum,  or  the  caput  mortuum,  as  he  calls  it,  is 
an  earth  ;  whilft  it  is  now  well  known,  that  the  carbons 
of  animals  which  fo  powerfully  refi ft  Incineration,  con- 
tain the  phofphoric  acid.  It  is  lefs  aftonifhing  that  he 
takes  no  notice  of  the  acid,  for  Macquer  has  confeffed,  Macquer, 
thaf  although  forewarned  of  the  faid  produ6lion  from  dif- 
tillation  of  blood,  by  the  obfervations  of  Homberg,  he 
was  on  the  point  of  concluding  that  this  chemift  was  de- 
ceived, becaufe  the  prefence  of  the  oil  prevents  this 
acid  from  acting  on  blue  paper,  and  the  part  touched 
only  became  red  on  beginning  to  dry;  and  this  is  mofl 
probably  the  reafon  why  fo  many  chemifts  have  erred 
refpefting  the  real  nature  of  one  of  the  produfts  of  the 
diftillation  of  animal  fubftances  as  well  as  vegetable. 

Hoffmann  was  of  opinion,  that  the  faline  principle  of  HofFmann, 
fat  and  animal  oils  was  purely  alkaline,  in  which  they 
differed  from  vegetable  oils  ;  and  advanced  as  a  proof,  that 
thefe  laft  occafioned  a  green  ruft  in  copper  vefTels,  whilil 
fat  on  the  contrary,  when  kept  a  long  time  in  the  fame, 
gave  them  a  beautiful  blue  colour;  an  effe£l  according  to 
this  author  that  could  only  be  produced  by  an  alkaline 
principle:  this  argument  however  is  now  proved  to  be 
falfe,  as  it  is  well  known  that  this  colour  only  depends 
on  the  more  or  lefs  oxydation  of  the  metallic  calx. 

Vogel  had  a  much  better  knowledge  of  the  cmpyreu-  VogeL 
matic  oil  extracted  from  fat  by  the  fire,  and  acknowledg- 
ed the  prefence  of  an  acid  faline  principle;  but  the  experi- 
ments of  later  ehemifts,  as  Segner  aad  Crell,  leave  no 
longer  any  doubt  on  the  fubjeft. 

According  to  Plenck,  fat  is  nine  times  lighter  than  dif-  Pienck. 
tilled  water.     It  requires  for  it's  fluidity  a  greater  heat 
than  olive  oil,  which  is  fluid  at  40   of  Fahrenheit's  ther- 
mometer, and  a  lefs  heat  than  yellow  wax,  v.hich  melts 
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at  140°.  It  contains  no  parts  fo  volatile  as  to  be  forced 
over  at  a  boiling  heat,  and  it  only  inflames  at  a  tempe- 
rature that  converts  it  into  vapour. 

Drftiliation.  If  fat  be  diiiilled  by  expofing  it  in  a  retort  to  a  greater 
heat  than  that  of  boiling  water,  there  firft  comes  over  an 
acid  water,  and  a  fmall  quantity  of  oil,  which  remains  in 
a  fluid  ftate;  on  continuing  the  heat  this  acid  becomes 
ftronger  (vidt;  febacic  acid),  and  the  oil  always  lefs  fluid  ; 
but  the  degree  of  heat  muft  be  flrong  enough  to  prevent 
the  coagulation  of  the  oil,  fo  that  one  drop  may  imme- 
diately fucceed  another. 

If  the  oil,  w  hich  has  a  very  naufeous  fmell,  be  fub- 
mitted  to  a  fecond  difiillation,  it  becomes  more  fluid,  and 
$t  each  redrlification  an  acid  fpirit  is  fcparated,  and  a 
coaly  refiduum  left  behind.  It's  fmell  becomes  more 
penetrating,  and  by  repeating  the  diflillations,  it  may  be 
brought  to  have  the  volatility  of  cflential  or  ethereal  oil?, 
and  to  evaporate  at  the  heat  of  boiling  water.  By  re- 
peated abftraction  and  cdulcoration  by  water,  it  is  fo  de- 
prived of  it's  acid,  that  Crell  obtained  it  fo  pure  as  to  be 
volatile  at  a  Icfs  than  boiling  heat.  Hence  it  appears,  the 
fat  derives  it's  confidence,  and  alfo  it's  fixcdnefs,  from 
the  acid,  from  which  it  can  only  be  feparated  by  re- 
peated diftillation. 

According  to  Hildebrandt,  if  the  fliarp  vapour  which 
arifes  on  the  acid  coming  over  catch  flame,  it  produces 
a  good  deal  of  fmoke  and  foot.  Bv  the  dry  diftillation  it 
affords  hydrogen  and  carbonic  acid  gafes,  and  the  oil 
which  before  was  ycllowifli  becomes  dark,  and  at  lafl:  of 
the  coniiftencc  of  pitch.     When  the  iron  is  red  hot  there 

Cull.  remains  a  little  coal  of  difficult  incineration.  Crell  hav- 
ing by  an  exceflive  and  long  continued  heat  incinerated 
this  coal,  found  the  afhes  to  be  of  a  lightifli  red  colour, 
which  when  lixiviated  iv'iih  diflilled  water  and  evaporat- 
ed, gave  a  fait  of  no  determined  fliape  or  favour,  did  not 
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deliquefce  in  the  open  air,  but  dl(T'.)lvcd  in  v.'ater,  and  a 
little  vitriolic  acid  added  depoiited  gypfimi.  This  earth 
however  left  behind  it  it's  conftituent  part,  an  acid, 
whieh  after  evaporation,  appeared  a  white,  drv,  acid  fait, 
that  nudtcd  before  the  blowpipe  iato  a  tranf;)arent  glo- 
bule; and  mixed  with  foot,  and  expofed  to  diftillation  by 
a  ftrong  heat,' emitted  a  phofphorefcent  lif;bt,  confequently' 
it  was  the  phofphoric  acid.  BeHdes  the  difcovery  of  this 
acid  in  the  a(hes,  Creli  found  they  contained  calcareous 
earth  in  a  free  ftate.  In  diftilling  fat,  great  care  muft  be 
taken  to  avoid  the  fliarp,  penetrating  and  volatile  acid 
vapours  that  arife,  otherwife  they  irritate  and  inflame  the 
eyes,  the  throat,  and  the  lungs;  they  not  only  force  tears^ 
but  excite  a  cough  as  bad  as  fulphureous  vapours. 

It  is  infoluble  in  water.  A£lion  of 

Acids  form  foaps  with  fat,  as  v/ith  the  fat  vegetable  Acids, 
oils.  Achard  formed  foaps  of  this  kind  with  the  vitriolic 
acid  and  the  c'l  of  the  yolk  of  the  egrr,  as  well  as  train  oil, 
which  he  found  to  be  decompofed  not  only  by  alkalis, 
but  by  acids ;  according  however  to  Leonhardi,  diftilled 
vinegar  does  not  effeft  a  decompofition.  By  the  nitrous 
acid,  with  a  certain  degree  of  heat  to  produce  a  decom-  . 
pofition  of  fat,  the  acid  of  fugar  is  obtained. 

Alkalis,  particularlv  when  cauflic,  as  well  as  cauftic  Alkalis. 
earths,  likewife  form  foaps  with  fat,  which  are  decom- 
pofed by  acids. 

Alcohol  has  no  folvent  power  on  fat,  except  in  itYAicohoK 
rancid  ftate  ;  it  then  diffolves  the  rancid  part. 

Fat,  like  oils,  diffolves  falphur  and  phofphorus  ;  it  has  Solvent 

.-If  II-  1  •       1      ,  power  of 

the  lame  power  on  metallic  calces,  particularly  thofe  of  fat. 
iron  and  lead  ;  it  attra6ls  quickfilver  by  means  of  tritura- 
tion; unites  with  the  regulus  of  arfenic  by  ebullition, 
and  enters  into  the  compofition  of  plafters ;  it  foon  rufts 
copper,  which  proves  the  danger  of  letting  it  remain  in 
veffels  of  that  metal  3  and  Fourcroy  is  of  opinion  that 

c  2 


so  OILS. 

it  even  a(5to  on  the  glafs  of  lead  with  which  pots  arc 

glazed. 

Extracts  and  mucilages  render  fat  foUible  in  water. 

It  unites  with  oils  in  all   proportions,  and  increafes 

their  confillence. 
Rancidity.        Fat  in  it's  natural  ftale  has  it's  acid  fo  intimately  united 

to  it's  oily  part,  that  none  of  it's  properties  are  to  be  dif- 

coveredj  hence  arifes  the  mildnefs  of  this  oily  fubftance. 

But  it  has  been  before  obferved,  that  when  by  a  fuffi- 

cient  degree  of  heat  a  decompofition  extricates  this  acid. 
Changes  the  j,»g  properties  are  entirely  chanced,  it  becomes  fliarp  and 

propel  ties  ot        _   '       '  { 

lat.  irritating.     The  fame  thing  happens  when  fat  has  been 

expofed  for  fome  time  to  the  atmofphere ;  a  partial  de- 
compofition takes  place,  a  little  ofthe  acid  becomes  ex- 
tricated, the  colour  becomes  brownifli  or  ycllowifh,  and 
ihe  tafte   and   fmell  are  iharpifli  and  difagreeable;  and 
this  ftate  is  called  rancidity.     It  is  likewife  found  different 
Becomes      in  it's  chemical  properties;   for  alcohol,  that  in  it's  mild 
alcohol.        ^^^c  ^^^  "°  efft'ft  upon  it,  now  diiTolves  the  rancid  part, 
leaving  the  reft  untouched.     De  Alachy,  a  Parifian  che- 
mift,    has,    therefore,   very   properly  obferved,   that   by 
Various       means  of  vvafliing  in  alcohol  fat  may  be  deprived  of  all 
<ieprivr  it  of  it's  rancid  part,  whilfl  it  leaves  the  found  part.     Pcerner 
ar "  pTifi"ns  P*""P"^'^s,  as  a  more  economical  plan,  to  deprive  it  of  this 
onthecaufe.  rancidity  by  mixing  and  boiling  it  with  frefli  fpring  water, 
to  fkim  it,   and  repeat  the  operation.     Macquer  propofes 
to  add  a  little  calcareous  earth  or  alcali  to  the  water,  the 
better  to  abforb  the  acid  of  the  rancidity,  and  afterward, 
by  edulcoration  with  a  large  quantity  of  pure  water,  carry 
off  all  the  faline  or  foapy  matter  that  may  have  been 
formed. 

Thefe  obfervations  appear  to  Morveau  to  admit  of  no 
doubt,  but  that  the  acid  developed  puts  the  oil,  no 
longer  a  perfetl  fat,  into  a  ftate  of  foap,  otherwile  it  could 
liot  be  e-\tra6lcd  by  water  alone,  whilll  the  properties  of 
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the  unchanged  fat  woald  to  a  certain  point  be  altered. 
Fourcroy  is  of  opinion  that  this  change  in  fit  arifes  from 
the  fermentation  of  a  peculiar  animal  mucilage,  of  which 
fat  always  retains  a  certain  portion  intimately  combined 
with  it,  and  that  the  rancidity  proceeds  from  the  extrica- 
tion of  the  fixed  air.  On  this  fuppofition,  the  addition  of  From  fixed 
fixed  air  muft  corre6l  the  rancidity;  and  Sieffert  informs  ^"^' 
us  this  was  done  by  mixing  fweet  fruits  or  honey  with 
rancid  oils,  fo  as  to  occafion  a  fermentation,  and  a  pro- 
du6liun  of  fixed  air,  which  reftores  to  tliem  their  gas. 
Rozier  and  CEttinger  have  confirmed  this  obfervation, 
and  even  have  correfted,  and  meliorated  fat,  and  ren- 
dered it  fweeter  and  firmer  by  putting  apples,  or  other 
fruits,  into  the  pot  in  which  it  was  melted.  Rozier  even 
recommends  a  fpunge  to  be  dipped  in  a  mixture  of  alum 
and  chalk,  and  to  be  placed  at  the  bottom  of  the  oil 
vefllel,  by  which  means  the  acid  of  the  alum  will  extri- 
cate the  fixed  air  from  the  chalk,  which  will  mix  with  the 
oil.  It  appears  that  Morveau  even  is  not  far  from  ad- 
mitting a  fort  of  fermentation  in  fat,  /.  e.  a  more  or  lefs 
fenfible  motion  determined  by  the  affinities  of  the  air, 
and  the  heat,  producing  new  combinations:  in  (liort, 
he  thinks  it  very  probable  that  oils  change  in  the  manner 
acids  do ;  that  a  new  portion  of  the  acidifying  principle 
unites  to  them  in  the  fame  way,  which  laft  is  proved 
from  the  experiments  of  Halle ;  and  Scheele  precifely 
fays,  that  the  air  is  diminiflicd  by  oils  which  become 
refinous  :  Morveau,  however,  confeflTes  'that  much  is 
wanting  to  conciliate  this  theory  with  all  the  phenomena, 
ift.  It  fuppofes  an  animalization  in  fat,  which  is  oppofed 
by  fa6ls.  2d.  Recent  fat,  diftilled  in  clofcd  velTels,  un- 
dergoes a  change  perfeclly  analagous  ;  fome  developpcd 
acid  is  alfo  formed :  hence  it  muft  be  acknowledged, 
that  the  acidifying  principle  preexifted  in  the  fat ;  that 
it  was  there  in  fufficient  quantity .  mftantly  to  produce 
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that  change  which  the  accefs  of  air  produces  in  a  length 

of  time;  or  it  nnill  be  faid  with  the  celubrateJ  Schccle, 

that  the  vital   air  may  proceed  here  from  the  decompo- 

filion  of  the  matter  of  heat.     Fat  is  likewife  fohible  in 

alcohol,  after  it  has  been  precipitated  fromfoap  by  means 

of  acids.  , 

It  would  be  of  ufc  to  examine  what  influence  the  fweet 

faccharine  matter,  which  Scheele  found  in  oils,  has 
upon  their  ranciditv,  It  is  faid,  that  if  fat  or  butter  he 
boiled  with  half  the  quantity  ot  litharge  in  water,  to  the 
confidence  of  falve,  the  water  becomes  fweet,  and  by 
evaporation  is  conv.nlcd  into  a  fyrup.  This  contains 
jiothing  if  the  oil  be  mild,  ,but  if  rancid,  a  little  of  the 
litharge,  which  is  precipitated  from  it  by  vitriolic  acid. 
By  a  ftrongcr  heat,  an  inflammable  vapour  arifcs,  and  it 
requires,  to  be  forced  over,  the  boiling  heat  of  oil  of  vitriol  j 
it  then  comes  over  in  part  undecompofed,  having  it's 
fweet  taile,  v/hilft  the  other  part  is  empyreumatic,  and  is 
converted  into  a  brown  oil,  with  a  fmell  of  alcohol ;  a 
light  fpungy  coal  remains,  containing.no  calx  of  lead. 
^y  repeated  diftillation,  it  appears  to  undergo  a  further 
decompofition,  and  with  a  little  fpirit  of  tartar,  to  become 
lliarp  and  bitter.  This  fweet  fluid  does  not  cryftallize, 
nor  ferment  when  mixed  with  water  and  placed  in 
warmth.  It  mixes  with  the  fharp  tin6lure  of  tartar  with- 
out attra(!ting  and  falling  down  with  it,  as  honey  does. 
By  repealed  abftra6lion  of  nitrous  acid,  It  is  at  laft  chang- 
ed into  acid  of  fugar,  and  appears,  according  to  this  che- 
miff,  to  contain  more  phlogiflon  than  even  fugar  of 
honey. 
Stbncic  The  acid  of  fat  which  caufts  it's  rancidity,  is  likewife 

the  caufe  of  it's  fixity ;  hence  the  febaceous  fubftanccs  arc 
like  particular  oils  {.hat  owe  their  confificnce  and  fixity  to 
ihe  fame  caufe.  As  a  proof  of  this,  according  to  Pgerncr, 
if  thg  oil  of  almonds  be  digelled  for  a  little  time  with  a 
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fmall  quantity  of  nitrous  acid,  a  fubftance  refembiing  fat 
will  be  obtained. 

That  the  different  confiltence  of  fats  is  owing  to  the  Tiieconrirt. 
proportions  of  the  febacic  acid  with  the  oily  parts  is  alfo  owing  tothe 
proved,  from  the  comparifon  of  the  quantity  of  thefe  ^  ^'^^ 
produ6^s  in  Crell's  experiments  on  human  fat,  and  the 
fact  of  the  ox.  In  ihort,  it  is  to  the  intimate  union 
of  different  proportions  of  this  acid  with  the  oil,  that  the 
greater  or  lefs  fixity  of  them  is  to  be  attributed  ;  and  that, 
in  proportion  as  this  principle  is  taken  away,  they  became 
fluid  and  volatile,  refembiing  eflential  oils,  is  evident  on 
diftillation,  where  the  more  the  fats  are  deprived  of  it,  the 
more  fluid  and  volatile  they  become,  and  rife  at  the  boil- 
jno-  point.  It  appears  however  that  this  acid  is  more  in- 
timately united  in  animal  oils  than  in  any  other,  as  they 
are  much  longer  in  becoming  rancid  ;  and  (ubmitted  to 
repeated  diftillations,  very  little  acid  is  extrafted  at  each 
procefs,  hence  they  are  the  mofl.  difficultly  made  fluid 
and  volatile. 

It  is  the  opinion  of  Morveau  that  this  febacic  acid  it  exifts 
cxifts  perfeftly  formed  in   fats  previous   to  dillillation,  fo,'J^d{ri 
lince  thefe  fubflances  expofed  to  the  fire  in  clofe  veifels  ^"'" 
give  their  vital  acidifying  air  in  a  flate  of  mephitic  gas; 
befides,  according  to  this  chemift,   the  flate  of  the  car- 
bonaceous refidue,  which  refembles  plumbago,  from  it's 
difficult  incineration,  announces  a  confiderable  quantity 
of  vital  air  fixed  in  this  refidue,  and  converted  into  me- 
phitic acid.     In  fliort,  it   appears  (article  febacic  acid) 
that  the  feparation  of  the  acid,  and  of  the  oily  portion,  ' 

may  be  effected  by  the  moifl  way,  without  the  aid  of 
heat,  a  demonflrative  proof  of  it's  being  already  formed. 
The  manner,  however,  in  which  thefe  two.  parts  are 
united,  fince  they  cannot  be  recornpofed,  fhows  it  is  not 
a  fimple  combination,  but  one  which  further  cxperimentf/ 
jnuft  explain, 

C  4 
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Grcn  and  Rlechen  inform  us,  iliat  they  have  at  length 
perfe<5lly  decompofctl  fat  bv  repeated  infufion  and  dijicf- 
licni,    with  moderately    flrong  i.iiric   acid,    into  oxalic 
acid  and  vinegar, 
v.rioiis  The  various  kinds  of  animal  fat  that  have  undergone 

"'t.^  "^  any  chemical  inveiligation,  are  human  fat^  J'uety  marroi^n^ 
lard,  and  buttt  r. 
Human  fjt.  Human  fat.  Rhades  was  the  firft  who  examined  hu- 
man fat,  but  very  little  can  be  coUetlcd  from  his  experi- 
Experiment  mcnts  ;  it  is  to  Segncr  and  Crell  that  we  are  indebied  for 
what  littie  IS  known  or  it,  as  well  as  or  the  greater  part  or 
other  fats.  It's  fpecific  gravity  is  to  water  as  0,903  to 
}000,  and  it  is  fluid  at  84*^  of  Fahrenheit. 

On  diliiilation,  this  fat  afforded  nothing  at  450"  of 
Fahrenlieit,  and  very  little  at  550°  ;  it  was  only  at  GOO^ 
th at  there  pafled  over  100  drops  of  phlegm,  and  a  great  pro* 
portion  of  oil :  fromfourounces,lii- drachms  of  a  very  thick 
oil  remained  in  the  retort.  This  phlegm  appeared  to  give 
.'  the  fyr up  of  violets  a  reddifli  tinge;  the  fmell  was  ftrong^ 

and  fo  infupportable  that  it's  nature  could  not  be  deter- 
mined J  it  had  a  very  empyrcumatic,  fliarp,  fomcwhat  acid 
favour.  The  remaining  oil  was  of  the  confillence  of  ho- 
nev,  of  a  fweetifh  tafte,  and  a  flijilit  empyrcumatic  odour. 
The  phlegm  cfiervefced  with  the  foliuiun  of  potafli  ]  on 
faturation,  it  had  a  faline  tafte,  and  gave  on  evaporation  a 
thickifli,  yellowifli  liquor.  On  examining  fome  friable, 
irregular  parts,  they  appeared  to  have  a  cryftallized  form. 
This  dried  mafs  cxpofed  to  the  air  returned  to  a  faline, 
iharp,  and  bitter  liquor,  not  alkaline. 
r,:  CuM  According  to  the  experiments  of  Crell,  in  a  memoir 

exprcfaly  written  on  the  conftituent  parts  of  this  fat,  it 
appears,  that  28  oz.  of  it,  being  previoufly  melted  and 
filtered,  when  dillilled  on  the  fand  bath,  melted  at  155® 
of  Reaumur's  thermometer,  and  there  came  over  a  little 
infipid  phlegm.    The  diftillation  then  flopped,  although 
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the  heat  had  been  increafcd  45^,   but  being  augmented 
beyond  220°,  tbe  nials  began  to  fwell  exceedingly,  fo  as 
even  to  rife  into  the  neck  of  the  retort,  vv-hich  is  not  the 
cafe  with  ox  fat.     At  the  fame  time  there  palTed   over  a 
liquor  accompanied  evidently  with  vapours,  which  when 
collected  in  the  receiver  appeared  to  be  of  two  kinds ;  that 
at  the  top  was  a  brown  red  oil,  the  colour  of  which  became 
by  degrees  deeper,  and  beneath  this   was  a  phlegm  of  a 
golden  colour.     At  the  bottom  of  the  receiver  there  was 
a  fixed  oil  refembling  that  from  wax  :  the  heat  being  in- 
creafed  until  nothing  more  came  over,  the  operation  laft- 
^d  21  hours.     At  the  mouth  of  the  receiver,  a  very  pene- 
trating odour  was  perceived,  although  lefs  lively  than  that 
from  ox  fat.     The  liquors  being  feparated,  there  were 
found  3i  02.  of  black  oil,  and  1  oz.  7  drachms  of  a  yel- 
low acid  phlegm.     There  remained  in  the  retort  a  fhin- 
ing,  friable  coal,  weighing  1  oz.   2  drachms,  2  fcruples. 
The  fixed  oil  melted,  and  diflilled  again  by  a  heat  of  200^^, 
afforded  f)  oz.  of  oil  lefs  coloured  than  the  (irft,  1  oz.  of 
yellow  acidj  and  more  fixed  oil.     This  oil  being  twice 
again  diftilled,  this  chemift  received  by  the  fame  heat, 
the  firfl  time  7  oz.,.6  drachms  of  a  reddifh  yellow  oil,  and 
3  drachms  30  grains  of  acid.     The  lafl  time,  the  heat 
being  carried  to  the  mod  violent  degree,  there  were  found 
in  the  receiver  I  oz.  3  drachms,  40  grains  of  brown  oil^ 
and  only  one  drachm  of  acid.     The  carbonaceous  refi- 
dua  were  of  the  fame  nature  as  the  laft,  and  weighed  o'ne 
ounce  7  drachms.     Thus  28  oz.  of  human  fat^  on  being 
decompofed  by  diflillation  afforded, 

oz.  dr.  gr. 

Of  i^uid  oil   20  5  40 

acid  phlegm  .......    3  3  30 

charcoal 3    \  40 

lL.ofl  during  the  procefs      0  5   10 

Total  . .  28  0     0 
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To  fcparatc  the  acid  that  might  adhere  to  the  oil,  this 
chemift  agitated  it  at  ftveral  times  in  water,  and  fepa- 
rated  it  by  a  fiphonj  the  waters  being  collefted  were  fa- 
turatcd  with  1  drachm  7  grains  of  potafli,  and  as  it  re- 
quires 6 1  drachms  of  this  alkali  to  faturate  30  grains  of 
the  acid,  he  concluded,  that  thefe  waters  had  ftill  given 
I4I  drachms  of  acid. 

The  brown  oil  rcdiflillcd  by.  a  gentle  heat  afforded  a 
volatile,  clear  oil,  of  an  jironiatic  favour  -,  on  increafing 
the  heat  it  became  yellow,  and  at  laft  reddifh.  There 
remained  3  oz.  30  grains  of  charcoal. 

Two  ounces  of  this  coaly  rcfiduum  were  with  great 
trouble  incinerated.  The  afhes  weighed  5  drachms  30 
grains.  Boiling  diftilled  water  only  extra6led  from  them 
4  grains  of  an  infipid  fait,  and  a  litde  calcareous  earth 
was  precipitated  by  the  addition  of  vitriolic  acid.  The 
nitrous  acid  on  digcfcion  deprived  the  afhes  of  their  red 
colour,  but  the  vitriolic  only  precipitated  a  little  felenite. 
The  liquor  exficcated,  and  the  refiduum  calcined,  became 
jed,  and  amounted  to  6  grains.  This  cliemift  regards 
this  fixed  fait  as  the  fame  as  what  he  got  from  the  aflies 
of fuet,  i,  e.  the  phofphoric  acid.  Of  the  4  drachms  of 
remaining  afhes,  the  vitriolic  acid  on  diftillation  took  up 
40  grains  of  aluminous  earth,  and  the  furplus,  mixed 
with  an  equal  quantity  of  fixed  alkali,  ran  into  a  perfe6t 
glafs. 

It  remains  to  be  proved,  v.  hether  the  rednefs  was  ow- 
ing to  the  prefence  of  iron,  and  vv'hether  the  argill  did 
not  come  from  the  veffel.  With  refpc£l  to  the  glafs,  it  is 
veil  known  that  the  vitrification  of  bones  depends  on  the 
pliofphoric  fait. 
;uet.  Suet. — Ox  fuet,  fubmitted  to  diftillation  in  a  fand  bath, 

melts  at  from  104^  to  116°  of  Fahrenheit  j  it  afforded  a 
good  deal  of  oil,  and  but  little  phlegra  i  the  odour  arinng 
from  thefe  products  afieds  the  head  :   acids  had  no  efTei*^ 


OILS.  37 

on  tlieni  :  they  formed  foaps  on  agitation  with  a  folLilion 
of  potafli.  The  rcdcliih  phlegm  had  an  acid  talte,  efler- 
vcfccd  with  an  alkah,  yet  it  did  not  redden  the  fyrup  of 
violets,  but  communicated  to  it  rather  a  brownifli  tinge, 
whicli  arofe  from  the  oily  parts. 

Diftilied  with  unlixiviated  aflies  it  afforded  no  vohuile 
ftlkjili.  The  oil  that  came  over  was  nearly  black,  arifmg 
from  the  great  heat  neccflary  to  break  the  foapy  union, 
The  phlerrm  refembled  fpirit  of  tartar,  did  not  effervefce 
with  an  alkali,  and  changed  the  fyrup  of  violets  green. 

With  potafli  fuet  likewife  afforded  a  blackifh  oil ;  the 
phlegm  had  an  alkaline  favour;  it  elfervefced  with  the  ni- 
trous acid;  the  alkali  by  means  of  the  oil  had  reached  the 
neck  of  the  retort. 

From  two  pomids  of  ox  fuet  Crell  obtained  14  oz.  1 
drachm  of  fluid  oil,  7  oz-  2  fcruples  of  acid,  and  there 
remained  of  coal  10  oz.  6  drachms  and  one  fcruple. 

Stag  fuet  requires  the  fame  heat  for  fulion  as  that  of 
the  ox,  and  that  of  the  fiieep  melts  at  124^. 

Aiarrow. — The  marrow  of  the  ox  on  dillillation  af-  MariD%r, 
forded  fimilar  products  to  fuet,  except  that  there  pafTed  at 
firfl  into  the  receiver  a  white  fuet  refembling  the  butter  of 
wax.  It  afforded  an  infipid  water,  much  oil,  the  greater 
part  of  which  became  fixed  again,  and  very  little  phlegm  j 
alfo  an  acid  was  obtained. 

Lard. — Hog's  lard  on  diflillation  afforded  a  brown  Lard. 
fluid  oil,  but  fcarcely  any  phlegm  ;  a  few  grains  of  black 
matter  lemained  in  the  retort.  It  melts  at  between  99^ 
and  100°  of  Fahrenheit.  The  oil  weighed  nearly  as  much 
as  the  lard  employed,  had  a  weak  empyreumatic  odour, 
gave  no  figns  of  ammonia;  the  tafte  fcemed  to  indicate 
an  acid,  but  it  foon  became  bitter.  This  oil  gave  the 
fyrup  of  violets  an  obfcure  colour  tending  to  a  green. 

Butter. — When  this  inflammable  part  of  milk  is  freed  Butter; 
from  all  it's  ferous  and  cafeous  matter,  it  is  either  of  a 


it's  natiiiAl 
ulu'.ir. 


ArttRc'ally 

coloarct . 
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white  orytHowifli  colour,  according  to  the  ferum  and  the 
food  and  temperament  of  the  animal  ;  the  more  the 
plants  arc  fucculent  and  aromatic,  as  happen  in  fiimmer, 
the  more  the  butter  will  be  coloured  ;  and  durino^  the 
winter,  when  only  hay  or  ftraw  arJ  bran  are  to  be  pro- 
cured, the  yellow  colour  difappears  by  degrees,  and  they 
afford  only  a  dead  white  butter.  This  cffc6l  howcrer 
docs  not  take  place  in  all  animals,  for  the  cow,  the  goaf, 
the  afs,  and  the  marc,  although  nouriflied  in  the  fame 
\  pafturcs  on  the  fame  nourifl^.ment,  afford  different  co- 
loured butlers ;  the  cow  gives  a  yellow  one,  that  of  the 
goat  and  afs  is  much  paler,  whilft  the  butter  of  the  mare 
is  always  white. 

Butter  is  artificially  coloured  by  manv  fubflances,  and 
as  it  is  one  of  the  bed  folvents  for  exlracling  the  refinous 
tolouring  matters  contained  in  certain  plants,  they  are 
often  made  ufe  of  in  the  dairy.  Thus,  by  beating  the 
cream  with  the  root  of  the  orcanet,  a  colour  is  procured 
from  the  lighted  {hade  to  the  deepeft  red,  which  cannot 
afterward  be  feparated  by  water.  This  property  of  but- 
ter to  load  itfelf  with  the  colourina;  matter  on  feparating 
from  the  cream,  Parmentier  expe6led  might  extend  to  the 
green  parts  of  plants;  this  was  not  however  the  cafe,  but 
it  received  the  aromatic  parts.  lie  found  that  when 
cream  is  beaten  with  a  refinous  colouring  matter,  it  is  the 
butter  that  is  coloured,  but  when  an  extractive  matter  is 
employed,  the  buttermilk  or  ferous  part  only  remains  co- 
loured. 

Savour,  Buttcr,  whcn  frefli,  has  a  very  pleafant  and  peculiar 

mild  tafle,  although  it's  tafte,  as  well  as  it's  colour,  de- 
pends on  the  food  of  the  animal.  If,  for  in  (lance,  it  has 
been  previoufly  fed  on  turnips,  or  on  grafs  with  which 
garlick  grows,  or  on  cabbage,  or  various  herbs  the  ef- 
fential  oil  of  which  is  firong  and  penetrating,  the  butter 
partakes  of  their  favour. 

Aroma.  It  is  nearly  void  of  fmell. 
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It  Ismoreorlefs  of  afoft  folic!  confidence  j  itis  very  folld  Cjnfif- 
froui  the  milk  of  the  ooat  and  cow,  and  foft  from  that  of 
the  Iheep ;  whilft  from  the  milk  of  the  afs,  the  mare,  and 
the  human  female,  it  is  nearly  in  the  (late  of  crcani,  more 
particularly  that  of  the  laiL 

When  expofcd  to  a  moderate  heat  it  melts  and  be-  Expofed :» 
comes  tranfparent.  According  to  Erxlebcn  this  degree 
is  84°  of  Fahrenheit;  the  fufioa  is  perfeft  at  88"^, 
and  it  remains  fomewhat  fluid  even  at  74° ;  it  be- 
comes folid  again  in  the  cold,  but  it  is  then  fomewhat 
granulated;  in  this  ilate  it  keeps  a  long  time  without 
becoming  rancid,  but  it  has  not  that  agreeable  rich  flavour 
it  had  before. 

On  diflillation  it  affords  a  little  infipid  water,  the  fe- 
bacic  acid,  a  yellowifli  fetid  oil,  called  the  oil  of  butter, 
and  according  to  Scopoli,  hydrogen  gas.  There  remains 
about  i  oz  of  coal  from  one  pound  of  butter.  Several 
modern  chemifts  are  of  opinion,  thai  it  is  frbm  the 
oxygen  of  the  atmofphcre  that  the  formation  of  the 
acid  arifes.  In  the  firft  diflillation,  however,  this  is  un~ 
neceff^iry,  becaufe  the  quantity  of  oxygen  in  the  butter  is 
fufficient;  but  in  fuccefllive  diftillations,  Fourcroy  found 
the  external  air  neceflary  to  convert  all  it's  principles  into 
an  acid  ;  hence  in  a  large  apparatus  a  great  deal  is  formed; 
on  the  contrary,  in  a  fmall  rerort  butter  pafles  into  the 
receiver,  almoft  without  alteration.  Butter  forms  with  Forms  fuap 
potafh  a  foap  lightly  folid,  of  a  yellow  colour  and  agree-  afn. 
able  odotir,  eafily  foluble  in  water,  and  which  perfeclly 
cleanfes  all  kinds  of  ftufls. 

In  a  warmifli  temperature,  or  in  more  or  lefs  time,  the 
febacic  acid  is  fpontaneoufly  feparated  from  butter ;  it 
then  acquires  an  acrid  and  rancid  fmcU  and  tafl:e,  which 
is  partly  correfted  by  wafliing  it  in  alcohol  to  take  away 
the  acid.  Hence  it  appears  that  butter  is  very  little  dif- 
ferent in  it's  chemical  properties  from  the  fat  oils  of  the 
vegetable  kinffdom. 


30  OILS. 

It's  particles  give   the  yellow  colour  to  milk.     VlJe 
mak. 
I.-ii-cu.  Oil  of  fi^}    or  ihran^  or  train  oil.     Thi-  :r  u'liu,   about 

^         the  confiftence  of  rvrur\  im)   is  verv  cofnttion  in  various 
manufaAures,   where  it  is   employed   for   various   ufcs. 
Ft.  Prlost-   Few^  experimenti  hare  been   made  uptm  this  oil.     Dr. 
t--vx-^i^^'  1^'efUey,  haSj  hovever,  informed  us  of  fomc  carious  cir- 
ci=j.iit.       Qumflaiices  refpe^ling   it.      They   were  in  confequence 
xvith  ni-      of  ftn  attti;:pt  to*^confine  the  nitrous  acid  vapour  by  means 
x^pour*^    of  animal  oils,  and   the  oil  he  ufed  wa.^  whal:  oil.     He 
fo\ind  that  on  mixing  nitrous  vapour  and  nitrous  air  with 
this  oil  it  became  hot,  and  was  changed  to   a  green  co- 
lour; on  cooHng,  it  became    red  and   coagulated;  and 
when  mixed  with  other  oil,  it  feparated  from  it  and  funk 
to  the  bottom  exa<^\lv  like  the   ice  of  oil,  and  continued 
there  without  mixing  with  the  reft  of  the  oil.     On  mak- 
ing a  quantity  of  alealine  air  pafs  through  the  oil,  f;tu- 
rated  with  nitrous  vapour  in  order  to  mix  it  with  fome 
air  that  had  iflucd  from  it,  the  oil,  from  be  ng  red,  be- 
came almofl  quite  black. 

A  part  of  the  whale  oil  that  had  been  ufed  in  his  firft 
attempts  to  confine  the  nitrous  acid  vapour,  of  a  dark  red 
colour,  and  coagulated,  being  melted  and  put  into 
another  phial,  and  then  impregnated  again  with  frefii 
nitrous  vapour,  became  of  a  deep  blue  colour.  In  cool- 
ing, it  became  of  a  dirty  green,  then  inclined  to  a  yellow, 
became  a  little  fluid,  and  continued  fo. 

A  quantity  o{ frejh  whale  o\l  became  blue  by  tlits  mode 
of  impregnation.  On  cooling,  the  upper  part  became 
■ftiff,  and  affumcd  a  light  orange  colour,  while  the  lower 
part  ftill  continued  blue  and  fluid  ;  but  it  became  at 
length  of  a  deep  orange,  and  was  perfeftly  coagulated 
throughout.  Tre  oil,  about  two  months  after  im.preg- 
nalion,  on  being  melted,  retained  the  fame  colour  and  it's 
peculiar  fmcll,  though  mixed  with  that  of  the  fpidt  of 
nitre. 
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From  his  experiment  iipon  this  oil  and  others,  he  found 
that  all  oils  readily  deconipofe  nitrous  air  as  well  as  im- 
bibe nitrous  vapour;  that  the  effefts  of  this  impregna- 
tion is,  that  they  are  in  general  coagulated  and  become 
of  a  red  colour;  and  that  in  all  cafes  in  which  nitrous 
air  is  decompofed,  Dr.  Prieftley  found  it  is  reduced  to  the 
ftate  of  phlogifticated  air.  It  is  in  this  way  that  he  ex- 
plains the  phenomena  which  took  place  in  his  experi- 
ments on  the  whale  oil  above  mentioned.  But  the  phe- 
nomena attending  tl>e  procefTes,  from  the  firfl:  to  the  laft 
ftage  of  impregnation,  are  very  various  and  remarkable. 

The   firft  exprefs  mention  of  foaps  occurs   in  Pliny,  Animal 
and  Galen ;  the  former  declares  it   to  be  an  invention  of  ^^^*' 
the  Gauls,  though  he   prefers  the  German  to  the  Gallic  ^1,^;^  ^^tj^ 
foaps  :   Pliny  fays  that  foap  was  made  of  tallow  and  aflies,  ^"'^''* 
that  the  beft  was  made  of  goats'  tallow  and  the  aflies  of 
the  beech  tree,  and  that  there  were  two  kinds  of  it,  hard 
and  foft.     The  author  of  a  work  (De  Simplicibus  Me- 
dicaminibus)  on  (imple  medicines,  which  is  afcrlbed  to 
Galen,    but  which  Beckmann  is  of    opinion  was   not 
written  by  that  author,   and  of  which  a  Latin  tranfla- 
tion  only  has  been  printed,  fpeaks  of  foap  being  made  by 
a  mixture  of  ox,  goat's,   or  flieep's  tallov/,  and  a  Ive  of 
aflies  ftrengthened   with  quicklime.     He  fays,   the  Ger- 
man {oap  was  the  pureft,  the  fatteft,  and  the  beft,  and 
that  the  Gallic  was  next  in  quality. 

This  account  correfponds  more  exaftly  with  the  pro- 
cefs  ufed  in  (^'many  at  prefent,  while  the  French  ufe 
mineral  alcali,  and  inftead  of  tallow  employ  oil,  which 
appears  to  be  a  later  invention.  Pliny  in  his  defcription. 
does  not  fpeak  of  quicklime;  but  as  he  mentions  a  mix- 
ture of  goats'  tallow  and  quicklime  a  little  before,  it  is 
probable  that  the  lye  of  the  latter  was  then  known  at 
Rome.  Gallic  and  German  foap  are  often  mentioned  by 
later  writers  as  well  as  by  the  Arabians,  fometimes  on  ac- 
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count  of  their  external  u{'c  as  a  medicine,  and  fomoti nu-f? 
from  their  walhinu;  qualiLic^. 

It  has   alrea.lv  been  ubrcrvcc',  tliat    animal  oil.^  form 

foaps  with   eauiUe  alealis ;   it   is  only  however  in  ihefe 

countries  where  ihc  climate  will  not  produce  the  olLve, 

ithat   they  are  made  ufe  of  in  the  fabrication  of  foap. 

Olive  oil   forms  a  foap  far  fuperior  to  animal  oils;  but 

they  in  their  turn   are  preferable  to   the  expreffed  oils  of 

Et  »r"-       vegetable  feeds.     Some  experiments  on  the  fabrication  of 

m;;:it3Qn     animal  foaps  have  been  made  by  Darcev,  Lelievre,   and 

the  making 

«t"  foaps  by  Pelletier ;  the  method  they  ufed,  was  to  render  the  foda 
^''^'  ^'  cauftie  by  means  of  lime;  they  then  boiled  the  alcali  and 
oil  together  until  the  foapy  matter  began  to  feparate, 
marine  fait  was  then  added  to  finifti  the  feparation. 

They  took  eight  pounds  of  foet,  which,  bv  uniting  with 
cauftie  foda,  eompofcd  a  foap  that  weighed  eight  pounds 
fourteen  ounces;  it  was  of  a  good  qualitv,  of  a  white 
colour,  preferved  however  a  little  odour  of  the  fuet; 
tept  for  three  months  and  a  half  in  a  dry  place,  it  had 
loft  three  pounds  fourteen  ounces,  but  had  acquired  a 
great  degree  of  folidity. 

By  the  union  of  tliree  pounds  of  lard  with  cauftie  foda,  a 
foap  was  formed  that  weighed  eight  ounces  and  half:  it  was 
very  white  and  folid,  and  it's  odour  was  not  difagreeable. 
On  expofure  to  the  air  for  three  months,  it  only  weighed 
four  pounds  fourteen  ounces.     It  was  then  very  dry. 

Three  pounds  of  rancid  fait  butter,  after  being  deprived 
of  it's  fait  by  water,  formed  a  foap  that  weighed  eleven 
pounds;  it  was  very  white,  but  retained  a  little  of  it's 
rancid  odour.  Expofcd  in  a  dry  place  it  loft  much  of 
it's  weight. 

The  flmie  quantity  of  what  is  called  horfe  oil  (huile 
de  eheval)  at  Paris,  when  united  with  foda,  formed  a 
foap  that  weighed  fevcn  pounds  ^  it  was  white,  and  of  a 
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good  confiflence.  On  expofure  to  the  air  for  two  months 
it  loft  two  pounds.  It  had  no  difagreeabk  odour,  and 
acquired  great  folidity. 

A  fimilar  quantity  of  whale  oil  united  with  foda 
weighed  five  pounds  ;  it  was  of  a  dirty  grey  colour,  and 
had  a  difagreeable  odour.  On  being  kept  two  months  in  a 
dry  place  it  loft  eight  ounces  of  it's  weight;  but  it  had 
acquired  fo  deep  a  brown  colour  externally,  as  to  appear 
red.  It  was  of  pretty  firm  confiftence,  but  not  dry  like 
the  olive  foap.  Soaps  made  of  fifh  oil,  and  of  the  oil  of 
the  cod  fifti,  greatly  refembled  it. 

Henry  made  fome  experiments  to  try  the  a^lion  of  Metallic 
metallic  oxyds  and  earths  upon  oils,  in  low  degrees  ofeaahsou 
heat.     He  digefted  2  ounces  of  fpermaceti  oil  with  one  '  ^" 
drachm  of  white  arfenic,  in  a  heat  of  1 80°  of  Fahren- 
heit, for  fix  hours,  and  let  it  ftand  till  next  morning. 
1  he  oil  was  then  perfe6lly  clear  and  colourlefs,  and  hea- 
vier than  before.     A  great  part  of  the  arfenic,  however, 
remained  undiffolved  at    the  bottom   of   the   dio-eftino- 

D  O 

veflel.  Thick  train  oil  was  digefted  with  one  drachm 
and  a  half  of  white  arfenic.  No  great  alteration  was 
obferved  in  the  colour  ;  but  it  was  clearer  and  more  lim- 
pid. As  a  confiderable  portion  of  arfenic  was  diflblved^ 
he  wlflied  to  precipitate  it  fo  as  to  leave  the  oils  pure  and 
colourlefs;  and  on  putting  a  few  drops  of  vitriolic  acid 
to  portions  of  them,  the  arfenic  was  depoiited,  leaving  the 
oil,  particularly  the  fpermaceti  oil,  as  pure  and  colourlefs 
as  before.  Nitrous  acid  changed  the  train  oil  to  a  dark 
brown. 

Three  ounces  of  fpermaceti  oil  were  digefted  with  one 
drachm  of  litharge  for  fix  hours,  at  COC"  of  Fahrenheit ; 
it  became  clearer,  but  not  fo  colourlefs  as  when  treated 
with  arfenic;  the  litharge  was  changed  to  a  white  colour. 
Train  oil  was  but  little  affeiSled  in  Iot;^  degrees  of  heat, 
but  in  higher  became  difcoloured;  vitriolic  acid  added, 
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precipitated  the  litharge  from  the  fpermaceti  oil,  and  left 
it  pure  and  clear,  though  not  quite  colourlefs.  Nitrous 
acid  changed  them  to  a  dark  brown.  Two  ounces  of 
fpermaceti  and  half  a  drachm  of  red  lead,  digefted  eight 
hours,  the  oil  was  not  chanocd  ;  the  heat  being  increafed 
till  nearly  boiling,  it  became  dark  and  dilcoloured.  Train 
oil  the  fame.  AV'hitc  lead  and  the  oxyds  of  copi)er 
formed  on  the  diftillation  of  acetated  copper,  had  the 
fame  effeS:  with  the  red  lead ;  but  lefs  of  the  oxvds  of 
copper  appeared  to  be  didblved  than  of  thofe  of  lead. 

Two  ounces  of  fpcrniaccti  oil  and  one  drachm  of  earth 
of  alum,  precipitated  from  a  folution  of  alum  by  potafli, 
were  placed  three   hours  in  a  fand   heat  from    180^  to 
190°.     The  oil  became  clear  and  colourlefs,  the  gluten 
having  fallen  with  the  earth.     Train  oil  was  likewife 
rendered  much  purer  hv  the  fame  means,  but  not  equal 
to  it.     Aerated  and  pure  magnefia  precipitated  the  muci- 
lage whiKl  warm  5  but  on   coolinir,    the   muciluo-e   and 
magnefia  rofe  and  mixed  again  with  the  0II9.     Two  grains 
of  pure  lime,  added  to  one  ounce  of  each,  turned  them 
thick  and  dark  coloured  in  the  cold.     In  the  experiments 
with  the  earths,  not  the  fmalleft  particle  fccmcd  to  be  dif- 
folved,  as  on  tiie  addition  of  any  of  the  acids,  they  in- 
llantly  changed  to  a  very  dark  colour.     It  appears,  that 
the  metallic  oxyd  gives  up  it's  oxvgen  to  the  oil,  while  the 
mucilage  of  the  oil  unites  to  the  metal ;  hence,  probabl\-, 
in  high   coloured  oils,  the   luperabundant  carbon  unites 
with  the  part  of  the  oxygen  of  the  calx,  and  forms  car- 
bonic acid,  and  dive'ls  the  oil  of  it's  colour,  whilfl  the 
oxyd  attracting  thcmucilage,  may  contribute  to  the  fame 
tnd.     Yet  it  is  very    remarkable,    that  an  earthy   fub- 
liancc  or  ahunine,  which  is  not  known  to  contain  either 
oxygenous  or  carbonic  gas,  fliould  difcolour  oils  more 
powerfully  than  moft  of  the  metallic  oxyds,  and  equally 
with  any  of  them.     This  earth  has  a  Urong  attra6lion 
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for  colon  ring  matter,  and  on  this  property  depends  it's  ufe 
in  dviiig. 

Animal  volatile  oih     The  ciis  already  mentioned,  we  Animal  \q<= 
have  feen,  are  mild  both  in  ftnell  and  tafte^  infoluble  in 
water  and  alcohol^  do  not  rife  at  a  boiling  heat,  contain 
a  large  proportion  of  acid,  and  are  already  formed  in  the 
animal  in  a  fixed  ftate.     ?5i  theiliftillation  of  animal  fub- 
ftances,  however,  and  particularly  of  the  more' gelatinous 
kinds,  when  pullied  beyond  the  boiling  point,  there  ariCeS 
another  oil   from  the  union    of  it's   component   parts 
■which  are  difengaged  by  the  heat,  and   which  oil,  from 
it's  burnt  fmell,  has  been  called  an  emtyreumatic  oil  3   ij. 
comes  over  with  a  quantity  of  A^olatile  alkali,  is  more  or 
iefs  dark  coloured  according  to  the  quantity  of  carbon  \% 
contains,  and  from  being  at  firft  fluid,  becomes  thicker 
and  deeper  coloured  as  the  heat  is  increafed,  until  it  is  of 
the'coniiftence  of  tar.  According  to  Spielman,  the  animal 
is  (harper,  according  to  Machy,' richer  in  ammonia,  than 
the  vegetable  empyreumatic  oil.     This  oil,  when  retlified 
by  diftillation,  and  in  it's  pure  ftate,  is  quite  colourlefs, 
and  it  is  called,  from  it's  volatility,  u.iimal  vJatHe  oil.  Or  , 

■'  ^  •  '     *  I ts    proper- 

eleum  ammaie  Dipfviii',   and  pofTefles  many  different  pro- fesdiffereHS 
perties  from  the  fixed  oils  before  mentioned.  ilied  ^iis. 

It  has  a  ftrong  penetrating  aromatic  finell,  a  ftrong 
fharp  tafte,  but  by  far  not  fo  difgufting  as  the  empvreu- 
matic  oil ;  it  is  perfeftly  tranfparent,  and,  after  sther,  ^ 
the  hghteft  of  all  fluids,  fince  a  flaik  that  contains  half  an 
ounce  and  fix  grains  of  the  beft  sether  only  holds  half 
an  ounce  and  fifieen  grains  of  this  oil ;  it  is  likewife  nearly 
as  thin  and  volatile. 

It  is  in  part  foluble  in  water,  and  by  repeated  agitation 
with  it,  changes  the  fyrup  of  violets  green,  arifing,  accord- 
ing to  Parmentier,  from  it's  ammonia. 

With  the  vitriolic  acid  it  forms,  according  to  Achard^ 
D2 
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an  tf id  foap,  and  it  fcparates  it  from  the  muriatic  acid  in 
that  ftate. 

Muriatic  acid  diffoived  it  at  the  boiling  point,  and  it 
became  black  and  thick  ;  with  four  parts  of  this  acid  there 
was  even  an  incipient  folution  in  the  cold,  and  the  mix- 
ture became  brown. 

Diluted  nitrous  acid,  according  to  I^eonhardi,  produced 
a  purple  colour  with  it,  but  at  the  boiling  point,  converted 
it  into  a  dark  blue,  foaming,  thick  mafs  :  with  fmoking 
nitrous  acid  it  inflames,  and  when  concentrated,  takes  it 
from  the  muriatic  acid,  and  forms  with  it  a  black  refin. 

The  acetous  acid  dilTolvcs  it. 

Crell  obtained  a  foap  with  the  vegetable,  and  the  oil 
fromfuet;  and  Schulze  obfcrved,  that  an  aqueous  folution 
of  the  alkaline  foap,  made  by  long  trituratign  with  Dip- 
pel's  oil  and  tartar,  precipitated  Pruflian  blue  from  afolu. 
tion  of  vitriol  of  iron.  Alkalis  alfo  feparate  this  oil  from 
the  muriatic  acid  in  the  (late  of  foap. 

It  is  diffolved  by  fpirit  of  wine. 

Expofed  to  the  atmofphere,  it  becomes  coloured,  firft 
yellOwifli,  then  brown,  and  loles  it's  tranfparency. 

It  does  not  change  the  colour  of  litmus  paper,  or  fyrup 
of  violets,  fo  as  to  fhow  the  prefence  of  an  acid  or  al- 
kali. 

Hildebrandt  thinks  it  differs  from  vegetable  ethereal 
oils  only  by  the  phofphorus  it  contains.  The  properties 
of  this  animal  volatile  oil  fufficiently  fliow  the  difference 
Opinions  between  it  and  the  other  animal  oils ;  but,  according  to 
the"prefence  Macqucr,  the  mod  diltinguifliing  chara6ler  is,  that  all 
ofanacidin  jj^l^pj.  animal  and  Vegetable  oils  contain  an  acid,  which 
appears  on  diftillation,  whilft  this,  on  the  contrary,  ap- 
pears to  fl)ow  fomcthiug  of  a  volatile  alkaline  nature. 
Pcerncr,  however,  is  of  opinion,  that  although  on  the  firft 
appearance  this  oil  may  feem  different  from  thofe  of  ve- 
getables, yet  it  is  ttie  fame  oil  which  has  undergone  a 
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change  from  the  dlflerence  of  the  body  in  which  it  re- 
fided  J  for  if  animal  and  vegetable  oils  be  pufhed  to  their 
greateft  ftate  of  fluidity,  and  are  deprived  of  all  foreign 
matter,  no  difference  will  be  obferved.  To  this  may  be 
added,  as  Leonhardi  obferves,  that  although  a  free  acid  or 
an  alkali  has  not  been  proved  to  exift  in  this  animal  oil, 
cither  in  it's  empyreumatic  or  pure  ftate,  or  in  other  em- 
pyreumatic  oils,  yet  the  prefence  of  an  united  acid,  or  a 
balls  capable  of  becoming  fo  in  them,  may  be  conclud- 
ed. 1ft.  From  the  refemblance  to  all  other  oils.  2d.  From 
the  change  of  colour  to  a  brown,  when  this  volatile  oil 
is  expofed  to  the  atmofphere ;  and  Demachy  found  that 
when  this  oil  was  digefted  with  cauftic  ammonia  it  re- 
mained colourlefs  ;  on  the  contrary,  acids  foon  coloured 
it,  from  which  it  is  fuppofed  that  it's  brown  or  dark  co- 
lour, when  expofed  to  the  air,  arifes  from  a  difengaged 
acid,  or  from  the  addition  of  vital  air,  the  acidifying 
principle.  3d.  From  the  foliated  matter  obtained  by  Crell, 
©n  evaporating  an  aqueous  folution  of  the  fediment,  pro- 
duced from  a  mixture  of  empyreumatic  oil,  with  the  vi- 
triolic and  nitrous  acid  united,  which  perhaps  might  be 
the  oxalic  acid.  4th.  From  Dehnen's  ammoniacal  fait 
in  cryftals  from  fpirit  of  hartftiorn,  and  Schulze's  experi- 
ment in  the  precipitation  of  Pruflian  blue,  already  related  j 
where  the  prefence  of  phofphoric  acid  was  fuppofed. 

Although  all  animal  fubttances  afford  this  volatile  oil  Subftances 
by  diftillation,  yet  all  of  them  are  not  made  ufe  of  for' ^jj^g'^_ 
that  purpofe.  Thofe  parts  only  are  to  be  chofen  which 
contain  the  pureft  gelatinous  matter,  and  are  free  of  all 
fat  particles;  fince  they  produce,  at  the  fame  time,  an  acid 
which  is  feparated  with  difficulty ;  hence,  to  procure  it  in 
it'sbeft  ftate,  neither  the  flefh,  bones,  nor  even  the  LlooJ 
of  animals  are  chofen,  but  the  different  forts  of  horns, 
particularly  hartfhorn,  as  they  afford  a  large  quantity  of 
pure  gelatin,  which  is  the  moft  produ6live  of  oil. 
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Ml  t;>ods  of      With  fefilcftjtp  the  hianncr  of  preparing  it,  feveral  nie-  . 

i(.  tiiods  hare  beta  recotiinieiuKii.     It  is  found  neccflarv  at 

each  diltiHation  to  cliangc  th  vcficls,  or  at  Icall  to  c  h-anfe 
thole  which  have  been  ufcd  ;  as  the  Icaft  particle  of  the 
thicker  and  lefs  volatile  parts  is  fuflieient  to  fpoil  a  large 

Model.  quantity  of  the  more  volatile  oil.  According  to /^^^V/,  a 
quantity  of  en^jDyreumatic  oil  of  hartflu.rn  is  to  be  put  into 
a  clean  retort,  and  havinjj  wrapped  f(,me  well  waflied  Ji- 
neii  round  the  mouth,  it  is  to  be  fubjecled  to  the  gentle 
heat  of  a  fand  bath  :  when,  a  few  ounces  of  pure  oil  are 
c6me  ovel-,  which  arifes  after  the  aqueous  part,  a«d  a  co- 
lourtxl  !oil  is  beginning  to  (liow  itfelf,  the  receiver  is  to  be 
changed ;  and  the  oil  which  firft  came  over  being  again 
dihillcil,  \\  ill  be  found  pure  and  good.  Bv  this  means  as 
good  an  oil  is  obtained  as  that  got  by  former  cheniifts, 
after  50  or  (30  diftillations.  A  ftill  better  method,  hr 
found,  was,  to  diftil  the  firft  volatile  portion,  with  four 
or  five  times  it's  quantity  of  diltilled  water;  it  is  then  clear 
and  pure;  he  has  even  fometimes  experienced,  when  the 
empyreumatic  oil  was  not  too  thick,  that  by  the  addition 
ofwater,  the  volatile  oil  was  obtained  fufficiently  pure, 

■^'■^<^-  without  undergoing  a  fecond  operation.  77/i7,  an  apo- 
thecary at  Groning-cn,  recommends  the  empyreumatic 
oil  of  hartfhorri.to  be  mixed  with  three  or  fcxir  parts  of 
warm  water,  and  digefled  for  24  hours ;  it  is  then  to  be 
put  into  a  retort^  taking  care  not  to  let  it  touch  the  neck  ; 
a  receiver  is  to  be  luted  to  it,  and  the  day  after,  it  is  to 
be  diftilled  by  a  gentle  heat  in  the  fand  bath  :  the  firil  oil 
that  comes  is  yellow,  and  mixed  with  a  volatile  alkaline 
fluid ;  the  next  is  purer,  and  the  laft  black  and  thick. 
Hence  the  receiver  is  to  be  changed  three  times  •  the  fe- 
cond  oil  is  to  be  diftilled  again,  and  the  pureft  part  to  be 
■fithiic.  reilified  with  an  equal  quantity  of  water.  Dehne  is  faid 
to  have  improved  the  method  of  Alodtl,  by  advifing  to 
inalve  ufe  <i4"  a- cucurbit  in  the  diftiliation  of  the  pure  oil 
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from  the  oil  of  hartfliorn,  as  the  diOlcuIt  cleanfing  of  the 
neck  of  the  retort  may  be  difpenfed  with  ;  and  when  the 
alembic  becomes  diicoloured  with  yellow  oil,  it  may  al- 
ways be  replaced  by  another.     In  this  manner,  from  rec- 
ti.'vino"  the  yellow  and  red  oils,  got  from  two  pounds  of 
oil  of  hartHiorn,  which  arife  after  the  w  hite,  together  with 
the  laft,   he  obtained  rather  more  than  514  ounces  of 
beautiful  pure  Dippel's  oil.     Previous,  however,  to  this 
chemift,   Schulze   had   already  mentioned   the   ufe  of  a 
cucurbit  with  it's  alembic  in  this  procefs,   in  which,  to 
fpare  the  repeated  re£iification,  he  advik-s    to  extract  the 
oil  from  unquenched  lime  J  but  as  the  heat  arifing  from 
the  lime  might  changethe  white  tranfparency  of  the  oil, 
as   Crell   found  heat  to  have  this  efft-^t,  it  is  better   le^ 
alone.     Although  the  name  of  Dipnel  has  been  given  to 
this  volatile  animal  oil,  he  was  not  the  firfl  chemifl  who 
difcovered  it,  as  Van  Hclmont  had  already  mentioned  it 
in  his  Aurora  Med'cina: ;  and  Homberg,   it  appears,  had 
iikewife  prepared   it   from   the   human   excrement;  and 
according  to  Schulze,  Count  Wittgcnflein  had  obtained 
it  from  the  fame  fubftance,  at  Berlin,  in  the  higheft  rec_ 
tified  ftate. 

As  this  oil  is  very  much  inclined  to  lofe  it's  whltenefs  Method  of 
and  become  lefs  fluid  by  only  expofing  it  a  (hort  time  to  k. 
the  atmofpheric  air,   from  the  evaporation  of  it's  more 
volatile  parts,  and  the  dark  colour  which  the  remaining 
lefs  volatile  oil  receives,  it  is  necelTarv,   in  order  to  pre-^ 
ferve  it  pure,  to  put  it  in  fmall  vials  as  foon  as  it  is  prer 
pared,  provided  with  ground  fioppers,  over  which  caps 
of  bladder  or  lead  are  tied.     Deyne  advifes  a  few  drops  of 
diftilled  water  to  be  previoufiy  poured  upon  the  top  of  the 
oil. 

This  oil  has  been  ufed  in  medicine:   it  was  recom-  Recom- 
mended bv  Dippel,  to  be  ffiven  a  few  hours  before  the  '"^"f^'d  ^y 

-  ^"^  ^  .  Dippel  in 

attack  of  the  paroxyfm  of  a  fever,  in  a  dofe  of  between  ii;ve;s. 

D  4 


40  '  o.Ls. 

thirty  and  forty  drops,  and  it  was  faid  to  procure  flcep,  and 

prevent  another  paroxyfm.   It  has  likewife  been  ufed   by, 

'^?^  ^^L  ,.   and  mentioned  in  the  writings  of  Frederic   Hoffmann, 

other  phyfi-  °  ' 

cians.  Junker,  Boerhaave,  Vater,   Haller  and  Lober,  Machard 

and  Reinhard,  Ludolf,  Hartmann,  Foxe,  Baumer,  Par- 
nientier,  and  others,  who  have  recommended  it  in  various 
difeafes,  and  attributed  very  great  effe6ls  to  it.  It  is  pre- 
pared according  to  the  prefcription  of  the  laft  London 
Pharmacopoeia,  by  diftilling  one  pound  of  the  oil  of 
hartfhorn  three  times,  by  the  name  of  oleum  animale. 

The  component  parts  of  oils  are  hydrogen,  carbon, 
oxygen,  and  phofphorus ;  but  from  the  want  of  azot, 
they  are  not  looked  upon  as  perfeftly  animalized. 

As  there  have  been  various  opinions  refpeAing  the 
xifes  of  oil  in  the  animal  body,  ditTerent  hypoihefes  have 

Opinion  of  been  invented  of  it's  formation. 

tionofoiiin      Both  the  ufes  and  formation  of  it  arc,  however,  ob- 

body?'"'^'  fcure.  With  refpea  to  it's  f<jrmalion,  one  of  the  nioft 
probable  thefes  is  that  of  Dr.  Beddoes,  which,  although  it 
explains  many  fa6ls  hitherto  inexplicable,  is  fubjeft  to 
many  exceptions.  The  foundation  on  which  it  reds  is, 
that  whenever  there  is  a  certain  diminution  of  oxygen  in 
the  animal  fyftem,  fat  will  be  produced.  The  follow  ing 
obfervations,  according  to  Coindet,  feem  to  fupport  this 
aflertion.  The  chemical  analyfis  of  fat  fhows,  that  fix 
parts  of  it  contain  nearly  five  of  carbon,  and  one  of  hy- 
drogen, and  fome  febacic  acid.  The  fat  parts  of  animals 
only  differ  from  the  flefhy,  in  the  lafl  containing  azot  and 
more  oxvgen.  By  this  means  the  chansro  of  mufclcs  into 
a  fubfiance  like  fpcrmacoli  in  the  churchyard  of  the  In- 
nocents at  Paris  has  been  explained  by  Fourcroy,  and  it 
has  been  obferved,  that  fat  in  the  living  body  incre^fes  at 
the  expenfe  of  the  mufcles,  and  vice  verfa. 

The  want  of  oxygen,  confidered  as  a  caufe  of  corpu- 
lency, is  indicated  by  the  analogy  which  exilts  bctweeh 
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obefity  and  the  fea  fcurvy,  which  feems  only  to  be  owintr 
to  a  gradual  abftra£lion  of  a  part  of  the  oxygen  in  the 
fyflem.     The  fea  fcurvy  is  never  announced  by  meager- 
ncfs,  for  a  fullnefs  of  the  habit  is  the  firft  fymptom  of  the 
difeafe.     Dr.  Trotter  obferves,  that  when  a  negro  becomes 
rapidly  corpulent,   he  never  fails   to   be  attacked  by  the 
fcurvy,  from  which,  according  to  the  comparifon  of  Dr. 
Beddoes,   it   appears,    that  corpulency  is  to  the   fcurvy 
what  cachexy  is  to   dropfy.     According  to  Sauffure  and 
Humbolds,  the  atmofphere  of  high  mountains  contain  lefs 
oxygen  than  that  of  lower  regions,   which  explains  whv 
Condamine  was  attacked  by  fcorbutic  fymptoms  on  the 
fimimit  of  Pinchina.     All  the  fvmptoms  of  fcurvy  prove 
likewife  that  it  arifes  from  a  privation  of  oxygen  :   thus 
the  furface  of  the  body  is  covered  with  livid  fpots,   the         , 
arterial  blood  is  very  little  fluid  }  and  after  death,  the  left 
auricle  is  filled  with  venous  blood  ;  which  Dr.  Goodwin 
found  in  animals  that  had  been  deprived  of  life  for  want 
of  oxygen.     Dr.  Llnd  informs  us,  that  when  death  has 
been  fudden,  and  no  eftufion  is  found  in  the  cavities  ot 
the  body,  the  auricles  and  ventricles  are  filled  with  blood, 
and  efpecially  the  left  fide  of  the  heart,  which  is  the  more 
remarkable,  fince  that   fide  rarely  contains  much  blood 
after  death. 

Country  people  know  from  experience,  that  to  fatten 
poultry,  they  muft  be  kept  in  darkncfs ;  that  fubftances 
proper  for  prolonging  their  deep  muft  be  mixed  with  their 
food,  as  tares,  or  fpirltuous  liquors.  It  is  a  curious  cir- 
cumftance,  that  the  aoje  when  the  fecretion  of  fat  is  mo(f 
confiderable  is  about  the  40ih  year,  a  tin\e  when  the 
arterial  fyftem  ceafes  to  a£l  fuch  a  confpicuous  part  in  the 
animal  ceconomy  :  cither,  as  Dr.  Coindet  thinks,  it  is 
then  oifified,  or  in  part  obliterated,  while  the  v.-nous  i\{'- 
tem  coming  more  and  more  into  a6li(Mi,  acquires  that 
influence  fo  ccnfidcrabie  in  dd  age.     Perhaps  the  arte- 
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Ties,  the  action  of  which  is  then  vilibly  dimiiiiflicd,  furnlfli 
the  fyftem  with  Icfs  oxygen  at  that  period,  which  may  be 
looked  upon  as  the  caufe  of  the  corpulency  of  middle 
aged  people. 

It  may  be  objciSled,  that  children,  whofe  v-enous  fyf- 
tern  is  not  yet  developed,  have,  however,  a  remarkable 
plumpnefs.  But  this  difficulty  has  been  refolved  in  the 
following  manner  :  The  venous  blood,  when  it  arrives  at 
the  lungs,  undergoes  changes  that  are  well  known  ;  and  it 
may  happen,  that  as  refpiration  is  more  or  lefs  perfect, 
the  blood  may  lofe  a  greater  or  lefs  quantity  of  carbon  or 
hydrogen.  In  proportion  as  it  lofes  lefs,  the  (ecretion  of 
the  fat  will  be  more  abundant,  which  affords  an  expla- 
nation of  the  enormous  quantity  of  fat  in  amphibious 
animals,  and  fifli,  whofe  refpiration  is  imperfect.  They 
retain,  therefore,  more  hydrogen  and  carbon,  which  paf- 
ling  into  the  arteries.  Dr.  Coindet  thinks,  occafion  that 
ponfiderable  fecretion  of  fat,  and  probably  produce  that 
vokiminous  fize  of  liver,  found  in  fifhes,  in  which  the  cir- 
culation is  fuch,  that  almoft  the  whole  blood  goes  to  the  li- 
ver, either  to  operate  there  a  fecretion  of  fat,  or  of  bile,  the 
conftituent  parts  of  which  do  not  differ  much  from  thofe 
of  the  former.  The  fame  reafon  may  be  given  why  chil- 
dren, who  do  not  refpire  in  the  womb,  have  a  full  habit  of 
body  until  the  third  or  fourth  year,  for  the  foramen  ovale 
is  not  obliterated  until  that  period.  This  feems  to  be 
confirmed  by  the  obfervations  quoted  in  the  medical 
tranfaiSlions  of  London,  and  by  thofe  of  profcffor  Sandi- 
fort,  of  Leyden,  which  give  an  account  of  individuals  re- 
markable for  their  corpulency,  in  v/hom  it  was  found  on 
difiection,  that  the  foramen  ovale  was  not  clofed  up,  from 
which  it  appears,  that  the  greater  part  of  the  venous 
blood  paffed  dircvSlly  from  the  right  into  the  left  ventricle, 
to  hfi  trafmitted  to  the  aorta,  and  thence  to  circulate 
through  the  whole  fyflem,  v.ithcut  hj^vir.g  undergone 
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any  of  thofe  changes  which  blood  undergoes  in  the  pro- 
cefs  of  refpiration.  Their  hnigs  were  diminiflied  in  fize, 
and  in  a  collapfed  ftate,  which  indicated  they  had  notdif- 
chargcd  al!  the  funttions  of  rsfpiratory  organs ;  hence 
the  enormous  fize  of  the  hver  in  the  fetus,  and  the  reafon 
whv  difeafcs  of  the  hver,  fuch  as  fcirrhous  tumours,  8cc. 
are  incident  to  people  who  are  more  or  lefs  corpulent. 
I'a.  blood  of  plethoric,  or  of  fat  people,  is  alfo  commonly, 
of  a  darker  colour,  and  more  vifcous  than  that  of  lean 
people,  which  lall  is  generally  very  fluid.  Thofe  wlio 
drink  cider  are  more  meager  than  thofe  accuftomed  to 
beer,  porter,  or  other  liquors  of  the  fame  kind.  In  Hol- 
land, and  in  fome  parts  of  England,  the  inhabiiants  are 
very  corpulent,  whilft  in  France  tliey  are  thin,  from  the 
fame  caufes. 

The  fa6ls  and  obfervations  already  made  on  the  forma- 
tion of  oil,  are  fufficient  to  inform  the  reader,  that  future 
experiments  are  neeeiTary  to  render  it  complete. 
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Animal  acids  had  been  fo  little inveftigated  at  the  time 
of  Macqiier,  that  he  informs  us  in  his  didlionary,  it  was 
not  perfedlly  afcertained  whether  they  were  eflentially  dif- 
ferent from  thofe  of  vegetables.  That  they  differed  from 
the  mineral  acids,  was  granted;  and  it  was  thought  pro- 
bable, in  the  fame  manner  as  the  vegetable  acids  differed 
from  them,  viz.  by  a  portion  of  oil  which  they  appeared 
to  pofTefs.  He  has  only  mentioned  three  of  thefe  acids.  Their  num- 
that  of  fat^  of  anti^  and  the  phofthoric  acid.  A  very  few  \.^^^^  i^[^_ 
years  afterward,  a  great  addition  was  made  to  this  clafs ;  for  '^^'^'^' 
we  find  that  Morveau  in  the  Encyclopedic  Methodique  Mo  veau. 
has  reckoned  fix  acids  in  the  animal  kingdom,  viz.  the 
phofphoric^  pruffic^  jornuc^febacic,  galactic,  and  facchnro-ga- 
la£iic,  or  faclaoi'ic.  To  thefe  he  afterward  added  three 
more,  the  lithict  the  bortibic^  and  the  gaftrtc.  It  appears, 
that  the  weaknefs  of  fome  of  thefe,  acids  was  attributed  to 
the  oil,  which  was  fuppofed  to  enter  their  compofitlon  ; 
and  this  chemifl  propofes  to  examine  the  truth  of  it's 
being  an  efTential  part,  and  furmifes,  that  perhaps  it  may 
be  feparated  from  them  in  the  fame  manner  as  the  co- 
louring extraftive  matter  is  feparated  from  the  acetous 
acid  ;  this  being  done,  he  thinks  they  would  become  more 
llrong,  and  perhaps  refemble  fome  of  the  acids  already 
known;  and  that  it  is  very  probable  that  the  acids  pro- 
cured from  all  fat  fubftances  might  be  fo  purified^  as  to 
be  identic  with  the  febacic  acid. 

Ker,  who  publifhed  hisdidionary  in  1789,  nearly  three  Ker» 
years  after  the  work  of  Morveau  appeared,  but  had  no  op- 
portunity of  confulting  it,  has  treated  as  animal,  the  acids 
of  ants,  and  fome  other  infeSls^  of  fat,  of  milk^  per'atcd  acidy 
the  phofphoricy  and  the  acids  of  Fruffian  hlue,  and  of  fugar 
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cffiiUk.  This  chemlft  was  of  opinion,  that  ihefe  aciils 
had  be-cn  lo  Utile  invcftigalccl,  as  not  to  make  it  certain 
\vhcthcr  they  were  circntially  diftert.-iit  fVom  thole  cbt  lin- 
ed from  regetables;  "  but  we  are  certain,"  fays  he, 
"  that  thev  ciilfcr  in  the  fame  circum fiances  as  the  vege- 
table  acids  do  from  mineral  acids;  and  probably,  tliis 
ditrcrencc  proceeds  from  the  fame  cauft,  which  conltitutes 
the  difference  betwixt  the  vegetable  and  mineral  acids, 
viz.  the    ombi   at  on  of  oily  particles  with  the  former.'* 

When  the  nature  of  thcfe,  as  well  as  acids  in  general, 
were  better  undcrftood  by  a  further  inveftigation  of  their 
properties  and  component  parts;  the  French  chemifts,  and 
more  particularly  Lavoificr,  made  anewdivifion  of  them, 

Fomcrov.  according  to  theircomponentparts  ;  hcnccFonrcroy  in  his 
PbihJoplncChimiqiie  has  placed  the  animal  acid  in  the  fourth 
clafs  of  acids,  having  their  radicals  compofed  of  three 
bafes,  atleaft,  viz.  of  carbon,  hydroo-en,  and  azot,  which 
united  to  oxveen,  in  various  proportions,  form  the  peculiar 
acid;  and  thefe  he  calls  acids  with  ternary  radicals; 
to  which  Lavoifier  hacf  added  phofphorus,  but  not  as  an 
eflfential  part.  They  are  the  lead  known  of  all  the  acids, 
but  have  fome  properties,  w'liich  may  be  confldercd  as 
claflic  characlers ;  fuch  are  the  properties  of  affording 
ammonia  on  decompofition  by  fire,  and  of  giving  the 
prufllc  acid  by  a  change  in  the  proportion  of  their  prin- 
ciples. 

According  to  Fourcroy,  the  pruflic  acid  appears,  to  this 
clafs  of  acids  in  general,  what  the  oxalic  is  to  the  vege- 
table acids  ;  to  which  may  be  added,  that  on  converting 
animal  fubftances  into  oxalic  acid,  by  the  a6lion  of  the 
nitric  acid,  prufljc  acid  is  conftantly  formed  during  the 
aclion,  vihich  is  difengaged  in  the  form  of  vapours.  This 
chcmift  has  diftinguifhed  feven  animal  acids,  viz.  the 
laclic^ faccho-laSfic^  fehacic^  V.th'ic^  formic^  bo.-r:biCf  and  Ptujfic. 
From   the  diverfity  of  opinions,  refpe^Sling  which  are 


ACIDS.  47 

or  are  not  to  be  ranked  as  animal  acids,  it  is  evident,  that 

principles  are  ftill  wanting  upon  which  their  diflinguiih- 

ino-  chara6lers  are  to  be  founded  :  and  if,  in  the  formation 
c 

of  this  clafs,  all  thofe  acids  are  to  be  excluded,  which  are 
not  folely  procured  from  the  animal  kingdom,  feveral 
acids  will  be  refufed  admiffion,  which  to  all  appearance 
are  of  animal  origin. 

With  refpeft  to   the  phofphoric  acid,   the  illuftrious  Phorphoric. 
Bero-mann  confidered  it  as  belon2:;in2:  to  all  the  kinc>:doms. 
Morveau,  however,  is  of  opinion,  that  although  wc  have 
no  direft  proofs,  there  is  fome  reafon  to  believe,  that  it 
belongs  exclufively  to  the  animal.    He  fufpefts  that  it  is 
only  carried   accidentally  to  the  mineral  and  vegetable 
parts  of  the  creation,  with  the  other  wrecks  of  animated 
bodies,  and  that  it  is  preferved  only  by  reafon  of  it's  fixity, 
or  on  account  of  that  indeftrudlibility  which  is  known  to 
be  one  of  it's  principles.     ^^  If,"  fays  he,  '*  this  acid  is 
found  v^'-ithout  having  undergone  any  alteration  amongfl 
ofTeous  matter,   which  has  been  inhumed  for  ages,   as 
Berniard  has  proved  from  the  analyfis  of  a  piece  of  the 
montagne  aux  os  of  Gailenruth,  in  the  margravate  of  Bay- 
reuth;  it  is  evident,  that  the  moft  powerful  agents  ofde- 
compofition,  the  moft  energetic  mineral  menftrua,  can- 
not even  by  the  aid  of  time  refolve  it's  radical  principle 
into  it's  elements,  and  are  confined  to  depriving  it  of  it's 
bafis  only  under  certain  clrcumftances."     He  however 
confefles,  that  this  hypothefis  has  no  other  foundation 
than  the  great  proportion  of  phofphoric  acid  which   all 
animal  matters  afford,   and  which  living  animals  daily 
furnlfli  in  their  excrements,  and  the  quantity  compared 
to  that  which  may  be  fuppofed  to  exifl  in  their  ali- 
ments. 

The  febacic  acid  is  common  to  both  vegetable  and  ani-  stbacic. 
jnal  oils. 

The  zoonic  acid,  firft  difcoyered  by  Berthollet,  in  the  Zoonic 
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diftillatlon  of  animal  fubftances,  is  llkcwife  found  in  fome 
vegetable  matters,  on  fubmitting  them  to  the  fame  pro- 
ccfs,  as  in  the  gluten  of  flour,  yeafl,  8cc. 

There  arc  other  acids  which  have  likewife  been  ex- 
truiflcd  from  animal  fubftances,  which  have  not  only  a 
Icfs  litlc  to  being  called  animal,  but  which  evidently  do 
not  belong  to  them.  Thus  Berthollct  has  been  able,  by 
the  means  of  nitrous  acid,  to  extraft  the  oxalic  acid  from 
Oxalic  ard  fcvcral  animal  fubftances;  and  Schcelc  difcovered  the 
xn^iic.  malic  acid,  and  it  appears,  that  thefe  two  acids  generally 
accompany  each  other.  It  is  nccelfary,  however,  that 
the  nitrous  acid  be  concentrated.  Schcele  poured  two 
parts  of  fuming  nitrous  acid  upon  one  part  of  glue,  and 
placed  the  mixture  on  a  f^md  bath,  the  glue  was  foon 
diffolvcd,  emitting  deep  red  vapours.  The  next  day,  he 
found  a  number  of  crvftals  of  the  oxalic  acid,  which  bad 
been  farmed  on  the  folution  becoming  cool,  and  the  reft 
of  the  liquor  which  refufed  to  cryftal'.ize,  being  falurated 
with  chalk,  the  malic  acid  was  eaftly  difengaged  from  it. 
Ifinglafs,  white  and  yolk  of  the  egg,  and  blood  treated  in 
the  fame  manner,  afford  the  fame  produ6f.s.  There  are 
three  important  obfcrvations  to  be  made  on  thefe  decom- 
pofitions  of  animal  matters,  ift.  A  fat  thick  fubftance 
is  always  feparated.  £d.  If  the  gas  be  collefled,  which 
arifes  during  the  operation,  a  little  carbonic  acid  is  found 
in  it ;  a  good  deal  of  azot  ga--;,  and  a  fmall  quantity  of  ni- 
trous gas ;  it  is  more  particularly  with  the  ynlk  of  the 
egg  that  thefe  phenomena  are  the  moft  fenfible.  Scheele 
did  not  find  the  azot  gas  (air  phlogiftique)  when  he  pro- 
ciircd  the  oxalic  acid  from  vegetable  fubftances.  3d. 
Every  time  the  oxalic  acid  is  prepared,  there  pafTes  into 
the  receiver,  after  the  nitrous  gas,  a  fmall  portion  of  ace- 
tous acid.  Crell  obfervcs,  that  this  fa»R  had  been  made 
known   by  Scheele  and  Wcftrumb  nearly  at  the  fame 
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time,  and  before  they  could  know  each  other's  dlfco- 
very. 

Scheelc  havuig  fubmitted  to  the  fame  operation  what  Benzoic 
Rouelie  has  very  well  named,  the  faponaceous  extraSf  of 
urinr,  which  is  obtained  as  before  related,  by  evaporat- 
ing it  to  the  confidence  of  honey,  and  having  then  di- 
gefted  it  in  fpirit  of  wine,  to  feparate  the  greateft  part  of 
it's  falts,  and  evaporated  the  fpirituous  folution,  which 
leaves  a  faponaceous  extract  equally  foluble  in  water  or 
alcohol,  found,  that  this  matter  afforded  no  oxalic,  but 
fome  benzoic  acid,  which  was  in  a  ftate  of  a  benzoat  of 
ammonia.  This  acid  does  not  appear  to  be  formed  dur- 
ing the  operation  with  the  nitrous  acid,  becaufe  it  is  only 
neceffary  to  diffolve  this  urinous  extraft  in  a  little  water, 
and  add  to  it  fome  vitriolic  or  muriatic  acid,  in  order  for 
the  liquor  to  become  immediately  turbid  by  the  precipi- 
tation of  the  concrete  benzoic  acid.  The  celebrated 
Rouelie  had  well  obferved,  that  this  faponaceous  extraft 
contained  a  good  deal  of  volatile  alkali,  but  he  did  not 
know  the  acid  to  which  it  was  united. 

The  benzoic  acid  is  alfo  procured  by  diftlllation  from 
the  faccholaftic  acid  ;  and  the  confequence  which  Scheele 
draws  from  it  is,  that  it  undergoes  no  alteration  in  the 
circulation  of  the  blood.  This  fupports  the  idea  of 
Morveau,  that  vegetable  acids  may  pafs  into  the  animal 
kingdom  without  lofing  the  chara£lers  that  difclofe  their 
origin.  The  chemifl  ought  not  to  negle6i  to  follow  thcfe 
acids  into  thefc  emigrations,  becaufe  it  is  only  by  fuch 
means  that  the  fyftem  of  their  properties  can  be  com- 
pleted, their  analyfis  rendered  exaft,  and  a  folid  bafis 
prepared  for  phyfiological  invefligation.  To  thefe  may 
be  added  the  acetous  acid,  which  is  obferved  to  be  pro-  Acetous. 
duced  from  the  fponlaneous  fermentation  of  broths. 

Having  thus  given  a  (liort  account  of  the  acids  that  are 
found  in  vegetables,  as  well  as  in  animals,  it  may  be  ob- 
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fcrvcd,  that  thofe  acids  which  arc  piucly  of  animal  ori- 
gin arc  few  in  number,  fix  being  perhaps  the  ulnioll, 
and  are  the  following,  formic^  laiiic,  faccholaSlic^  bomhic^ 
lithic,  and  amniotic  ;  they  are  faid  by  Fourcroy,  as  before 
obferved,  to  be  characterized  bv  affording  ammonia  and 
the  prnflic  acid  by  heat.  As,  however,  the  phof[,bo:  V,  fe- 
bacic^  and  T.ronic  acids,  may  be  fuppofed  to  derive  iheir 
origin  from  thofo  parts  of  vegetables  which  may  be  look- 
ed upon  as  nninializcd  in  a  greater  or  lefs  degree,  it  huS 
been  thought  proper  to  admit  them  in  the  prefenc  article 
of  animal  acids,  till  future  invtftigationfhall  determine  to 
what  clafs  they  really  belong.  With  rcfpcft  to  the  pruf- 
fic  acid,  as  it  is  evidently  an  arlificial  acid,  it  has  been 
left  out.  The  number  of  acids  therefore  which  arc  fup- 
pofed to  derive  their  origin  and  characters  from  the  pro- 
cefs  of  animalizatJon  may  be  extended  to  nine. 
Ori.er  acid?  Befides  thefe,  the  animal  kingdom  is  fuppofed  to  aflford 
tt,e''rni,nJ"  others,  particularly  amongft  infefts.  but  which  have  not 
'""'^  •  as  yet  imdergone  anv  chemical  invcitigation ;  and  it  is 
fufpetSted,  that  the  generality,  if  not  all  of  them,  are  capa- 
ble of  affording  an  acid  liquor,  which  thev  contain  in  a 
difengaged  ftate. 

Thus,  it  has  been  long  ago  obferved  by  Hooke,  thai 
infects  of  the  hymenoptera  clafs,  which  are  furnifliecl 
with  flings,  fuch  as  bees,  wafps,  hornets,  are  alfo  pro- 
vided with  an  acid  liquor,  which  they  difcharge  on  being 
irritated,  in  their  own  defence.  Some  of  the  clafs  dip- 
tcra,  as  the  mofchetto  and  the  fmall  gnat,  have  been  ob^ 
ferved,  on  flying  into  the  mouth,  to  imprei's  a  manifeft 
acidity  on  the  organs  of  tafte ;  and  Fourcroy  has  often 
obferved,  that  the  bnpreftis  and  ftaphilinus  of  the  coleop- 
tera  clafs  reddened  the  blue  paper  of  fuch  boxes  as  they 
were  confined  in.  ChaufHer  has  drawn  an  acid  from  the 
grafshopper,  the  red  bug,  the  !amp\  ris,  and  feveral  othep; 
ijlfe^Sj  by  means  of  digellioji  in  alcohol.     Lifter  iudi- 
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(:ates  a  fpcctes  of  millepedes  (Collect.  acad.T.  2.  p.  303.) 
which  contains  an  acid.  Leonhavdi  informs  us,  that  an 
acid  may  be  extra6Ved  from  the  locuil  by  alcohol,  whilfl: 
Dehne  found  one  in  the  mcloe  profcarabseus  and  maiaiis ; 
(Crell's  N.  Ent.  xiii.  166  f.)  and  Bonnet  has  obferved, 
(Savans  etrang.  T.  2.  p.  276.)  that  the  liquor  fpurt&d  by 
the  great  caterpillar  of  the  willow  in  it's  own  defence  is  an 
acid,  and  very  a6tive  in  it's  efFe6ls,  by  occafioning  a  fenfe 
of  burning  ;  that  it  is  perfectly  clear  and  colourlefs,  and 
fmells  and  taftes  like  concentrated  vinegar,  to  which 
Bergmann  compares  it  j  that  it  coagulates  blood,  depofits 
a  coagulable  lymph  in  alcohol,  and  reddens  the  blue  pa- 
per of  litmus ;  but,  however,  from  it's  great  volatility 
is  foon  diflipated. 

Formic  acid. — There  can  be  no  doubt  that  the  ftrong;  Formic 
acid  fmell  which  is  obferved  to  arife  from  the  atmofphere 
ef  an  ant-bed,  after  beinji;  difturbed,  muft  have  been 
known  to  the  ancients,  but  from  their  want  of  chemical  li'shiiiory. 
knowledge,  it  is  not  very  extraordinary  they  fhould  have 
been  ignorant  of  it's  being  owing  to  a  peculiar  acid. 
According  to  Morveau,  it  was  not  till  nearly  the  end  of 
the  1  jth  century,  that  fome  botanifts  obferved,  with  fur- 
prize,  that  the  blue  colour  of  the  flower  of  the  cichory, 
when  caft  into  a  heap  of  ants,  became  as  red  as  hlood. 
Mention  of  this  fa£t  is  made  in  the  works  of  Langham, 
Hieronimus  Tragus,  Othon  Bransfeld,  and  John  Bau- 
hin. 

In  1688,  Hunerwolf  publlflied  an  account,-  in  the 
Ephemerides  of  Germany,  of  a  fuller  having  been  cured 
of  a  head-ach,  to  which  he  had  long  been  fubjecl,  as 
he  was  flanding  over  an  ant-bed,  in  order  to  procure 
fome  of  the  infe6ls;  and  that  his  hands  had  been  exco- 
riated by  the  acid  liquor  they  emitted. 

This  acid  liquor,  however,  was  not  thoroughly  eftablifhed  Filjier. 
as  an  acid,  and  procured  in  aliquld  form,  until  Samuel  Fifher 
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obtained  fonie  on  treating  animal  fubftanccs  by  diftllla- 
tion;  he  tried  it's  a6lion  on  lead  and  iron,  and  commu- 
nicated his  obfervations  to  John  Wray,  who  inferted 
themin  the  Philofophical  Tranfa£tions  for  the  year  16/0; 
xvhich  diftillation  has  fincc  been  dcfcribed  by  Etmuller  in 
his  vcorks  on  pharmacy. 

HofFmann^  Hoflmann  afterwards  extra6ied  fpirit  of  wine  from 
thefe  infe6ls,  and  called  the  produA  he  obtained,  in  the 
alchemical  llylc,  water  of  magnanimity . 

The  exirtcncc  of  this  acid  was  alfo  proved  by  Sperling, 
Honiberg,  and  Cafper  Neumann  ;  and  numerous  experi- 
ments were  likewife  made  upon  it  by  the  celebrated  Mar- 
graaf ;  but  for  the  beft  differtation  on  this  fubjeft  we  are 
indebted  to  Arvidfon  and  Oehrn. 

Mr.'-'^raaf.  TVlargraaf  examined  it  in  1749,  and  it  is  from  his  ex- 
periments that  Macquer  has  compiled  the  article  of  this 
acid  in  his  excelk-nt  di6lionary.  Margraaf  found,  that 
when  thefe  animals  were  fliaken,  either  in  water  or  fpirit 
ofwincj'thcy  comnnuiicated  an  acid  lafte;  that  this  acid 
IS  fo  volatile  as  to  arife  with  the  alcohol  in  diftillation; 
but  that  the  greater  part,  is  fufficiently  fixed  to  remain 
united  with  th:  remaining  phlegm  ;  that  all  the  acid  mav 
be  obtained  from  thefe  infects,  on  fubmitting  the  water 
charged  with  them  to  diftillation  in  a  water  bath.  Mar- 
graaf obtained  11  oz.  2  drachms  of  acid  fpirit  from 
twenty-four  ounces  of  frefli  ants  without  any  addition. 
lie  found  that  this  acid  had  the  principal  properties  of 
other  acids,  that  it  formed  deliquefcent  cryftals  with  fixed 
alkalis,  which  cxpofcd  to  a  great  heat  gave  two  fluids,  the 
one  fcarccly  acid,  and  the  otlicr  urinous  or  alkaline  ; 
whilft  the  remainder,  dilfolved  in  water  and  evaporated, 
aflbrded  laree  crvftals,  which  had  all  the  properties  of 
lixed  alkalis.  If,  however,  the  vitriolic  acid  be  poured 
on  thefe  alkaline  crvftals,  white  vapours  arife,  although 
no  acid  is  procured  by  diftillation.     From  thefe  white 


ACIDS,  '  5^ 

vapours,  and  the  eafe  with  which  this  fait  cryfiailizcs,  ' 
Margraaf  conje6lured  the  prefence  of  a  concealed  acid. 
With  the  volatile  alkali  it  formed  an  ammoniacal  fluid, 
which  was  equally  as  uncryftalljzable,  as  if  vinegar  had 
been  ufed  inftead  of  this  acid.  It  formed  cryftallizable 
falts,  however,  with  unquenched  lime,  chalk,  and  coral. 

WithVefpeft  to  metals,  Margraaf  found  that  it  had  but 
little  or  no  a6lion  on  filver,  lead,  tin,  and  antimony, 
fonievvhat  more  orj  copper;  whilft  it  fhowed  a  very  flrong 
menftrual  power  on  iron  and  zinc.  It  likewife  dlffolved 
the  calces  of  filver,  copper,  lime,  and  lead  ;  but  had  no 
effeft  on  thofe  of  mercury,  bifmuth,  and  antirnony.  It 
vitrifies  the  calx  of  mercury. 

From  this  acid  not  precipitating  filver,  lead,  or  quick- 
filver,  from  their  folutions  in  nitrous  acid,  this  chemift 
affirms  it  has  no  fimilarity  with  the  muriatic  scid,  and 
from  it's  not  taking  lime  from  the  muriatic  acid,  that  it 
does  not  agree  with  the  vitriolic  ;  but  concludes  from  the 
above  experiments,  with  which  Macqyer  coineides,  that 
it  has  manV,  but  not  all  the  properties  of  vinegar. 

In  the  year  ]  770,  that  mofl:  excellent  cheniifi;  Rouelle,  RoueJio. 
having  previoufly  confirmed  the  above  fafts  bv  experi- 
ments, expofed  them  in  his  lc6iures  to  the  fi.udents  in 
the  king's  garden.  We  are  told,  by  Macquer,  that  he 
had  obtained  the  fame  products  from  thefe  infe£ls  as 
Margraaf,  with  a  fniall  dificrence  in  the  quantity  of  oil 
obtained  by  difiillation. 

In  1777  Arvidfon  ^nd  Dehrn  endeavoured  to  complcat  Ani.ifon 
our  knowledge  of  this  acid  in  an  excellent  diflertatlon, 
which  they  publifiied  at  Leipfic,  and  which  has  princi- 
pally ferved  Morveau  for  his  account  of  it  in  the  Ency- 
clope'die  M-'thodique. 

It  appears  from  thefe  two  chemifts,  that  all  fpecies  of 
ants  are  not  equally  good  for  the  extraftion  of  this  acid. 
Thus,  the  fmal}  red  ant,  commonly  found  in  gardens, 
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affords  very  lilllc  of  Itj  the  fame  may  be  faid  of  thofe 

fpecies  called  bv  LinuscuSj  hcyculanec-^Jufca,  cefpetum  :  the 

Tiie  fpecies  fpccies  which  fiipplic:   it  in  the  greateft  quantity  is  of  a 

hinJhe'"'  '■'^d^'^  colour,  and  of  a  middle  fizt,  called  by  Linnaeus, 

inrgeft        formica  vufa  ;    it  generally  inhabits  the   woods,   but  is 

quantity.  ■  .  y    ■       r   \  \ 

fometimcs  found  in  gardens  and  m  fields  near  cities, 
more  particularly  in  places  that  arc  a  little  elevated  and 
dry. 
Seafon  for  Every  fcafon  is  not  proper  for  their  colle6lion  ;  they 
2iem"'"^  contain  the  moft  acid  during  the  months  of  June  and 
July;  at  this  time  it  is  onl/fufficienl  to  prefs  one  of 
thefe  ants  on  a  piece  of  paper  coloured  blue  by  litmus, 
to  give  it  ilie  moit  lively  red  colour :  they  will  fometimcs 
even  leave  fpots  of  this  colour  by  fimply  marching  over 
it;  when  this  happens,  it  is  a  proof  that  the  fpecies  and 
the  feafon  cannot  be  better  chofen. 

Safnf       ^"  "''^^''  ^o  -^''^'^'^  ^h^r">  ^i^a^l  ^^'c^s  muft  be  placed 
tiieants.      over  the  ant  bed  after  it  has  been  opened  ;  and  when  the 
ants  have  attached   ihcmfelvcs  to  this,  they   are  to  be 
fhaken  off  into  a  large  earthen  veflel  filled  with  water,  un- 
til it  is  fo  full  as  not  to  be  able  to  dcftroy  any  more  ;  they 
are  then  to  be  cleanfed  of  all  foreign  matter,  and  gently 
dried  ;  they  are  then  fit  for  ufe. 
Two  wnys       To  cxtracil  the  acid  from  thefe  ants  there  are  two  mc- 
ing*th(racid.  thods,  viz.  by  (Ujiillation^  and    by  lixivlaiwu     With  re- 
1.  By  dif-    fpea  to  the  firft,  a  jilafs  retort  is  to  be  filled  half  full  of 
them,  a  receiver  affixed,   a  gentle  heat  is  to  be  apph'ed, 
and  augmented  by  degrees,  until  all  the  acid  has  pafTed 
over.     In  the  receiver  the  formic  acid  is  found,  which  is 
very  acid  in  a  liquid  flate,   with  a  little  empyreumatic  oil 
on  it's  furfacc,   which  muft  ho  feparaled  by  means  of  a 
flraincr  previoufly  deeped  in  water.  In  this  manner  Arvid- 
fon  and  Ochrn  extrafted  feven  ounces  and   half  of  acid 
from  one  pound  of  ants,  the  fpecific  gravity  of  which, 
at  a  temperature  of  \5^  above  zero,  was  to  that  of  water 
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as  l,0O75  to  1,0000.  Morveau  Informs  us,  that  he  ob-* 
rained  from  4.0  ounces  of  ants,  23  ounces  2  drachms  of 
a  pretty  ftrong  acid.  Some  pour  a  little  water  in:o  the 
retort,  but  this  only  fervcs  to  weaken  the  acid. 

Thcfe  ch-emiils  have  found  and!. er  way  of  procuring  this 
acid,  whith  is  lefs  embarraffing  :  the  ants  are  firft  to 
be  waflied  with  cold  water,  they  are  then  to  be  extended 
upon  a  clean  linen,  and  boiling  water  poured  on  them  ; 
when  the  water  becomes  cool,  frefh  boiling  water  is  to  be 
poured  on  them,  and  repeated  a  tliird  time,  or  until  all 
the  acid  is  extrafted  ;  the  linen  is  then  to  be  ftrained,  and 
the  water,  to  be  colle6led  and  filtered. 

By  this  means,  from  one  pound  of  ants,  about  one 
pint  of  formic  acid  was  obtained,  as  ftrong  as  vineg-ar, 
and  the  fpecific  gravity  of  which  was  greater.  Thefe  che- 
mifts  are  of  opinion,  that  this  acid  might  fupply  the  place 
of  vinegar  for  economical  purpofes.  If  it  is  to  be  kept,  it 
muft  be  deprived  of  it's  oil,  which  the  filter  cannot  com- 
pleatly  feparatc,  a  part  of  \vl;ich  is  fat  oil,  and  the  other 
part  effential  oil,  which  renders  it  turbid  and  difpofes  it 
to  putrefa6lion  ;  hence  they  advife  it  to  be  boiled  fcveral 
times,  and  with  precaution,  and  thus  purified  they  elleeni 
it  preferable  to  vinegar. 

For  chemical  experiments,  however,  it  is  neceffary  to 
rectify  this  acid,  which  is  done  by  repeated  diftillations 
by  a  gentle  heat,  in  veiTels  fomewhat  elevated,  until  no 
more  oil  remain^;,  /.  e.  until  it  becomes  colourlefs,  it  be- 
ing impofiible  entirely  to  deprive  it  of  both  thefe  oils  : 
for  it  appears,  that  even  after  four  rectifications,  the  fat 
oil  was  ftill  evident  by  an  empyreumatic  odour,  and  thu 
eflential  oil  by  the  zones  that  v/cre  formed,.  This  empy- 
reumatic odour  flies  off  on  expcfuTC  to  the  air  ;  or  Hill 
better  by  concentration  from  freezing ;  but  as  to  the 
eflential  oil,  it  appears  to  be  a  conftiateut  part  of  the  acid, 
and  is  infeparablsH     The  fpecific  gravity  of  the  acid  thus 
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c.  By  lixi  rectified  they  found  to  be  as  1,001 1.  The  otherproccfs 
to  obtain  the.  acid  is  tliat  of  Thouvenel,  by  lixivia* 
lion,  which  he  looks  upon  as  the  nioft  cafv.  It  confifts 
in  placing  linen  cloths  impregnated  with  fixed  alkali 
upon  the  ant  bed?,  and  the  fait  afterwards  is  to  be  ex- 
tra»Sled  by  lixiviation^  but  this  proccfs,  it  is  obferved, 
can  only  be  of  advantage  when  the  acid  is  wanted  to  form 
a  neutral  fait  with  an  alkaline  bafis. 

Eiermbfladt  docs  not  approve  of  the  method  either  of 
Margrvaaf  or  Arvidfon  of  obtaining  ihe  formic  acid;  for 
in  the  one  cafe  the  acid  is  in  part  dedroyed  by  the  fire,  in 
part  rendered  impure  by  the  decompofed  oil;  but  in  the 
other  cafe  it  is  too  much  weakened  by  dilution  with  wa- 
ter. He  procured  it  much  purer  by  exprefling  it  from 
two  pounds  of  dry  living  ants,  from  which  he  obtained 
twenty-one  ounces  and  a  quarter  of  a  brown  mucous  acid 
juice.  It  had  an  acid  aroma  by  no  means  unpleafant, 
and  penetrating  like  the  vapour  of  the  acid  of  fluor.  In 
tafte,  it  refemblcd  more  the  acid  of  tartar  than  vinegar. 

From  this  he  obtained  by  diflillation,  fix  ounces  and 
half  of  pure  formic  acid. 

From  the  experiments  and  obfervations  of  Arvidfon 
and  Oehrn,  it  appears,  that  the  formic  acid  has  the  fol- 
jowing  properties.  • 

Properiies         "^^^^  fpccific  gravity,   when  well  rcdified,  is  to  water 

ofti.etbr-     as   1,04.53  to  1,0000. 

mic  acic'. 

It  affefts  the  eyes  and  the  nofc  in  a  peculiar  manner; 
it's  frnell  is  penetrating,  but  not  unpleafant ;  It's  favour 
(liarp  and  burning,  and  when  diluted  with  water  is  agree- 
ably acid. 

It  retainswatcr  fo  greedily  as  not  to  he  entirely  fcpa- 
rated  from  it  by  diftillation. 

It  reddens  the  blue  colours  of  veoetables  :  it  even 
changes  the  blue  paper  which  cnclofes  fugarloaves,  and 
converts  it  infcnfibly  to  a  yellow  red.     One  part  of  this 
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concentrated  acid  mixed  with  75  of  diftilled  water,  ilill 
reddens,  although  weakly,  the  fyrup  of  violets;  diluted 
with  430  parts  of  water,  it  produces  reddifli  fpots  on 
paper  coloured  by  the  infufion  of  litmus;  and  with 
1300  parts  it  produces  effefts  only  on  the  infufion  of 
litmus.     It  readily  unites  with  other  acids. 

Mixed  with  the  vitriolic  acid,  it  blackens  it,  and  on 
becoming  warm  there  arifes  white  penetrating  vapours  ; 
on  boilina:,  an  elaftic  gas  is  extricated,  which  unites  dif- 
ficultly with  diftilled  water  and  lime  water.  On  diftil- 
ling  this  mixture,  the  formic  acid  is  again  obtained  in 
fmall  quantity. 

Boiled  with  the  nitrous  acid,  there  arifes  phlogiftic  va- 
pours, and  a  fpecics  of  gas  very  little  mifcible  with  water, 
and  which  renders  lime  water  turbid. 

In  this  operation  the  formic  acid  is  deftroyed,  and  is 
not  again  obtained  by  diftillation,  efpecially  if  a  large 
quantity  of  very  concentrated  nitrous  acid  has  been  ufed. 
Heated  by  itfelf,  it  affords  elaftic  vapours,  which  con- 
duced through  a  cold  earthen  tube,  afforded  fixed  and 
phlogifticated  airs;  through  a  red  hot  tube,  inflammable 
air  likewife.  (Achat d,  in  Crell's  Anralen,  b.  1.  f.  527  f. 
Fontana  looked  upon  it  as  fixed  air,  ^Rofier's  Journal  de 
Phyfique,  1778)  but  it's  being  decompofable  by  the  fire 
into  fixed  and  inflammable  airs  (Bergman,  Opusc.  iii. 
p.  378)  proves  this  not  to  be  the  cafe. 

The  muriatic  acid  does  not  change  the  formic,  from 
which  it  is  feparated  without  lofs  by  diftillation.  This, 
howeyer,  is  not  the  cafe  with  the  dephlogifiicated  mu- 
riatic acid;  for  it  decompofes  the  formic  acid  in  clofe  vef- 
fels,  and  takes  away  it's  phlogifton  (according  to  the 
new  theory,  the  formic  acid  feizes  on  the  oxygen  of  the 
dephlogifticated  muriatic  acid)  and  decompofes  it. 

The  formic  acid  appears  not  to  be  fufceptible  of  form- 
ing an  immediate  qonne6tion  with  phlogifton. 
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Bv  the  aid  of  heat  It  attacks  the  foot  of  the  chimney, 
becomes  of  a  yellowiih  colour,  and  on  cooling,  lets  fall 
a  brown  fedirnent ;  if  this  fedinient  be  diftilled,  there 
comes  over  a  liquor  of  a  yellowifh  colour,  of  a  difagreea- 
ble  odour,  accompanied  by  elafiic  vapours.  Nothing  of 
the  kind  is  obferved  when  this  acid  is  boiled  with  pow- 
dered charcoal. 

It  unites  diflicultly  with  fat  and  effential  oils  ;  for  the 
acid  extracrled  from  thefe  unions  after  dige  ft  ion,  or  by 
didillation,^  has  not  undergone  any  change  of  colour, 
although  impregnated  with  the  odour  of  thefe  oils,  and 
after  evaporation  it  leaves  marks  of  a  rcliduum  ;  it,  hov/- 
ever,  completely  diflblves  the  empyreumalic  oil  of  the 
ants. 

It  does  not  unite  with  vitriolic  aether. 

It  unites  perfectly  with  rc(Slified  fpirit  of  wine,  and 
diftilled,  it  afforded  a  formic  rethcr,  which  burned  with  a 
white  flame,  without  fmoke  or  rcfiduum.  Buckholz  ob- 
tained a  much  finer  aether  bv  procuring  the  acid  from  a 
formiat  of  potafh.  He  firH:  procured  the  formic  acid  by 
infufion,  re6tified  and  faturated  it  with  purified  potafli, 
then  extraftcd  it  to  drynefs,  levigated  it  in  a  warm  mor- 
tarj  added  half  it's  quantity  of  fmoking  vitriolic  acid,  and 
obtained  by  diflillation  a  ftrong  pellucid  formic  acid  ;  to 
this  acid  he  added  an  equal  quantitv  of  pure  alcohol,  and 
by  fubmitting  the  mixture  to  a  gentle  heat,  he  obtained 
a  fpirit  of  the  odour  of  bitter  almonds,  which,  being 
imited  with  about  one  fourth  part  of  diftilled  water  in 
the  receiver,  afforded  a  real  formic  ajther.  (P^Ue  Crell's 
N.  Entd.  vi.  f.  5.5  ft.) 

According  to  the  experiments  of  Arvidfon  and  Oehrn, 
the  lee  of  polafti  cxaftly  faturated  with  formic  acid  had 
a  very  faline  and  bitter  favour,  but  v.as  incapable  of  being 
cryftallizcd  or  perfeftly  exfiecated.  After  expofure  to  a 
ftrong   ht.at,   it    became  a  dark  green    ajkaline  lump. 
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which  united  readily  with  water,  and  after  a  gradual  eva. 
poration  before  the  fun,  fome  little  of  the  acid  dropped 
fconi  it ',  there  appeared  fome  cryftaliized  fcales,  of  fcarcely 
any  favour;  by '-vhicU  it  refembled  terra  foliatn  tartari, 
acetated  mineral  alkali,  as  well  as  by  it's  deliquefcing  in 
the  air,  and  it's  folubility  in  alcohol  ;  by  diftillation  it 
afforded  no  acid.  This  formiat  of  potafli  is  decon)pofed 
by  barytes,  which  lays  hold  of  it's  acid ;  and  by  all  acids 
which  feize  upon  it's  alkah,  except  the  fedative  fait, 
vinegar,  the  phlogifticated  vitriolic  and  nitrous  acids,  and 
fixed  air. 

With  foda  it  formed  foliated  humid  cryftals,  of  a  bittcf 
faline  favour,  foluble  in  twice  their  quantity  of  water. 

With  cauftic  volatile  alkali,  it  aiforded  thin  cryftals, 
which  appeared  to  be  fuperfaturated  with  the  acid  from 
their  reddening  blue  paper;  they  deliquefced  in  the  open 
air.  On  diftillation  they  afforded  no  acid  or  fublimate, 
but  an  alkaline  fluid,  and  there  remained  a  dark  brown 
mafs. 

United  with  lime  it  forms  a  pellucid  cubic  fait,  rather 
diftorted,  not  deliquefccnt,  as  had  been  previoufly  ob- 
ferved  by  Margraaf ;  efflorefcent,  foluble  in  eight  parts  of 
water,  infoluble  in  alcohol,  and  of  a  bitter  favour.  It 
gives  blue  paper  a  darker  colour,  affords  no  acid  by  dii^ 
tillation,  decrepitates  on  red  hot  coals,  and  becomes  dar- 
ker; it  is  decompofed  by  barytes. 

Equal  parts  of  uncalcined  magnefia  formed  with  this 
acid  a  ley,  frofn  which  fome  parts  which  were  difficultly* 
foluble  fell  down,  afterward  there  appeared  atranfparent 
fait  cdmpoled  of  fpherical,  aggregated,  hairyform  cryf- 
tals, of  little  or  no  favour,  foluble  in  13  parts  of  water, 
but  not  in  alcohol;  lime  decompofed  it.  According  to 
Bsrgmann  (op.  1.  p.  389.)  it  decrepitates  in  the  fire.  It 
13  called  byBcrgmann  magmfM  for^n'.ccir.. 

With  bar^'tes  it  formed  cluflers  of  cryftal?,  needle  (hap- 
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ed,  whicli  were  bitter;  not  deliqucfcent;  foluble  in  four 
parts  of  water  i  infoUible  in  alcohol;  became  of  a  dark 
brown  colour  on  burning,  producing  a  fmell  of  burnt  fu- 
gar ;  and  on  cxpofure  to  a  red  heat,  a  coal  which  effer- 
vefced  ftrongly  with  acids. 

With  the  purcd  clay,   or  the  dried  earth  of  alum,  it 
united  with  great  difiiculty,  and  fcarccly  to  faturation. 
The  folution  is  fomewhat  fliarp  and  aftringent. 
•  The  formic  acid  has  no  action  upon  filiceous  earth. 

It  does  not  affe^i  either  platina,  or  gold,  or  quickfdvcr. 

It  converts  copper  into  a  light  green  calx.  It  formed 
with  it's  calx  a  beautiful  blue  folution,  from  vA'hich  blue 
cubic  cryftals  arofe,  of  the  naufeous  favour  of  verdegrife  ; 
becoming  white  by  efflorefcence  in  the  air;  foluble  in  fe- 
ven  parts  of  water  ;  burning  with  a,  green  flame  ;  not  de- 
compofed  on  diltiilation ;  decompofable  by  all  the  acids, 
except  vinegar  and  fedativefalt,  as  well  as  by  lime,  man- 
ganefe,  iron,  lead,  rcgulus  of  cobalt,  and  tin. 

It  diflolves  iron  with  a  llrong  cffervefcence,  producing 
inflammable  gas.  The  folution  depofits  ochre,  and  af- 
fords fometimes.reddifh  yellow  threadlike  cryftals,  of  an 
r.ftrin:.ent  favour,  eafilv  foluble  in  water,  diflTolving  diffi- 
cultly in  alcohol ;  which  abandon  the  acid,  with  depo- 
sing black  particles  in  water,  and  are  decompofLd  by  all 
acids,  as  well  as  by  zinc  and  mangancfe. 

It  diffolves  zinc  likcwifc  with  a  llrong  cflervcfcencc, 
producing  inflammable  gas.  The  clear,  moderately  af- 
tringent  folution  affords  clear  cryftals,  growing  together, 
fometimes  cubiform,  infoluble  ir^  alcohol,  difficultly  fo- 
luble in  water,  which  fwcll  and  become  milk  white  on 
burning,  melt  with  a  penetrating  fnioke,  aflbrd  afhos,  and 
aie  decompofed  neither  by  vinegar  nor  by  metals. 

It  calcined,  but  fcarcely  dilfolved,  bifmuth.  From  the 
fparing  folution  arofe  cryftals  that  were  foluble  in  water, 
became  black  on  expofure  to  fire,  and  were  dccompof- 
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ed  by  all  acids,  except  vinegar,  and  by  all  metals,  except 
filvcr,  in  the  moifl;  way. 

By  the  affiftance  of  heat  it  has  fomc  little  foluble  power 
'on  lead,  and  produces  glafslike  cryftals. 

It  can  only  be  united  to  tin  and  it's  calces  bv  digeftion 
and  a  boiling  heat.  Part  of  it  is  in  the  form  of  a  white 
calcined  powder,  and  part  a  jelly  difficult  to  be  exficcated. 
The  powder  is  infoluble  both  in  water  and  in  alcohol, 
and  burns  firfl  to  a  black,  then  to  a  white  colour,  after- 
ward it  flies  off.  The  gelatinous  flakes  are  precipitated 
by  alcohol  in  the  flate  of  a  pulverized  calx.  Vinegar 
produces  no  precipitation,  but  all  acids  which  diflolve 
tin  decompofe  it ;  lead  produces  the  fame  effeft. 

It  has  no  effe6l  on  antimony,  arfenic,  cobalt,  and 
nickel,  in  their  metallic  flate  ;  it  however  a6ls  upon  their 
calces.  By  digeftion  with  the  calx  of  cobalt,  precipitated 
by  an  alkali,  it  produced  a  pale  purple  folution,  from 
which  arofe  red  coloiu-ed,  irregular  cryftals;  that  were 
infoluble  in  alcohol,  difficultly  fo  in  water,  but  were  eafily 
taken  up  by  acids,  and  formed  a  fympathetlc  ink  ;  they 
were  decompofed  bv  tin. 

■  Digefled  and  boiled  with  the  calx  of  nickel,  precipi- 
tated by  an  alkali,  it  formed  a  clear  green  folution,  from 
which  arofe  green  threadlike  cryftals,  aggregated  in  feml- 
trlobular  forms,  of  difficult  folution,  which  on  diftillation 
became  yellow.  They  were  neither  decompofed  by  bif- 
muth  nor  vinegar. 

With  the  calx  of  manganefe  precipitated  by  alkali  from 
it's  nitrons  folution,  it  eafily  formed  a  folution  with  effer- 
vefcence  ;  the  crvftak  arifing  from  it  were  coloured  and 
foluble  in  15  parts  of  water,  but  infolable  in  alcohol, 
they  had  very  little  favour  and  no  adlion  on  the  colour  of 
the  tinfture  of  litmus.  Alkalies,  earths,  and  zinc  de- 
compofed them,  and  fcized  the  acid;  v;hiHt  ail  the  acids, 
except  vinegar,  laid  hold  of  the  metallic  part. 
'2 
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With  the  calx  of  nrfcnic  it  produces  granular  cryftal- 
llzallons,  which  are  difficultly  folublc,  according  to 
Bergmann  (Opufc.  II.  p.  296.) 

It  dilTolvcs  minium  without  the  affiftance  of  heat ;  the 
crvflals  arifing  from  the  folution  are  prifmatic,  larger 
than  thofc  from  a  folution  of  the  metal  in  this  acid,  fwcet 
and  a(tri  igcnt  to  the  tafte,  and  foluble  in  3()  parts  of  dif- 
tilled  water;  v.ith  other  water  they  produce  a  milky  ap- 
pearance. They  decrepitate  in  the  fire,  melt,  become 
black,  and  of  a  difa^reeable  fmell,  but  afford  no  acid  by 
diftillation,  although  this  fait  is  fuperfaturated  with  acid, 
and  reddens  blue  paper.  It  is  decompofed  by  lime, 
manganefe,  and  iron  ;  and  by  all  the  acids,  except  vine- 
gar, fedative  fait,  and  fixed  air. 

It  has  no  effe6l  on  calcined  mercury,  but  with  red  pre- 
cipitate produces  fome  fmall  needle- fli aped  crvflals. 

The  calx  of  fiiver  precipitated  by  an  alkali  is  fparlngly 
foluble  in  this  acid,  forming  with  tt  pellucid,  cubic  cryf- 
tals,  difficult  to  exficcate,  eafily  foluble  in  water,  but  in- 
foluble  in  alcohol,  fvvelling  arid  becoming  black  in  the 
fire,  with  a  dif^igrccable  fmcll,  eafily  decompofed  by  the 
acids,  particularly  bv  the  muriatic,  fcarcely  fo  by  the  vi- 
triolic, and  infoluble  in  vinegar.  This  folution  is  ren- 
dered turbid  bv  all  the  metals,  but  copper  precipitates  the 
fiiver  the  befi. 

irs  affini-        Arvidfon  and  Oehrn  have  determined  it's  affinities  to 

co'd",;';    ^*  »"  t^e  following  order : 

tl'icle  iwo 
thtmifts. 


Barytcs 

Lead 

Potafh 

Tin 

Soda 

Cobalt 

Lime 

Coppef 

Magnefia 

Nickel 

Ammonia 

Bifmuth 

Zinc 

Silver 

Manganefe 

Alum 

Iron 

The  cfllntial  oils  and  water. 
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This  acid,  although  it  may  appear  weak,  has,  accord- 
ing to  thefe  two  chemifts,  the  advantage  of  the  acetous, 
bofacic,  vitriohc,  fuming  nitrons,  and  carbonic  acids  •  on 
fome  occafions,  it  is  even  fuperior  to  the  arfenical  acid, 
from  which  it  takes  nickel  and  cobalt. 

It  could  not  have  been  fuppofed  that  a  degree  of  heat 
incapable  of  deftroying  this  acid  is  able  to  change  this 
order  of  affinities  ;  vet  tlic  boracic  acid  at  the  boilins:  heat 
difengages  it,  which  from  this  circumflance  becomes  the 
differential  term  of  the  wet  and  dry  way. 

Bergman  had  placed  the  affinities  of  the  formic  acid  According- 
in  the  following  order  : 

Moiftway.        Calx  of  had 
tin 


10  F.erg- 


n 


jvy  wav. 


—  copper 

—  blfmuth 

—  antimony 


arfenic 


mercury 


—  lilver 

—  o-old 


platina 

water 

alcohol 

phlogifton 


i^ar/tes 

Potafli 

Soda 

Lime 

Magnefia 

Metallic  calces 

Ammonia 

Aro-ile. 


Earytcs 

Potaih 

Soda 

Anmionia 

Lime 

Magnefia 

Argile 

Calx  of  zinc 

iron 

manganefe 

• cobalt 

nickel 

It  appears  therefore  that  Bergman  had  placed  m  his 
table  of  chemical  affinities  arfenic  after  nickel,  antimony 
after  bifmuth,  and  platina  after  filver;  but  Arvidfon  and 
Oehrn  found  that  arfenic  was  not  attacked  by  the  formic 
acid,  that  it's  calx  was  only  diifolved  as  in  water ;  that 
this  acid  did  not  contrail  any  union  either  with  antimony 
or  it's  calx  ;  and  that  the  fmall  portion  of  the  precipitate 
of  platina,  which  this  acid  diflblved  at  firft,  was  very  foon 
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depofited,  particularly  by  the  aid  of  heat,  in  the  form  of 
a  ferruginous  powder. 

The  formic  m>Jiaken  for  other  acids. 
Thefo'mic  Margraaf,  and  fcvcral  other  chcmifts  who  have  exa- 
oiimr  acids,  mined  the  rornnc  acid,  looked  upon  it  to  have  a  great 
analogy  to  vinegar,  "  but,"  exclaims  Morvcau,  "  what 
do  they  mean  by  this  ?  that  it  has  nearly  the  fame  degree 
of  acidity;  that  it  is  fufceptible  of  the  fame  degree  of 
concentration;  that  it  is  decompofed  in  the  fame  manner 
by  fire;  that  it  can  be  fubflituted  for  it  in  economical  or 
medicinal  purpofes,  when  only  an  acid  of  the  fame  in- 
tenfity  is  required  ?  In  thefe  fenfes  all  fubftances  are  ana- 
logous to  each  other,  for  there  is  no  one  in  nature,  that 
is  diftinguillicd  from  all  the  others   by  all  it's  proper- 

tlOs. 

It  differs  from  vinegar,  ift.  by  it's  fpecific  gravity,  for 
although  it  approaches  vinegar  very  near  in  this  refpeft, 
yet  it  is  faturatcd  by  a  fnialler  quantity  of  an  alkali  or  an 
earth.  2d.  By  it's  effe&s  wilh  alkalis;  fince  it  forms 
with  ammonia  a  deliqucfccnt  crvftalline  fait ;  wiih  lime, 
one  that  forms  irrc.trular  cubes,  and  with  magnefia,  a  fait 
that  is  difficult  of  folution.  3d.  By  it's  metallic  falts; 
for  example,  it  forms  with  copper,  not  a  dark  green,  but 
a  blue  cubic  fait ;  with  nic^<el,  not  a  cubic  but  a  clullered 
fait;  and  wilh  zinc,  one  that  is  cubic  and  not  fcaly  :  it 
neither  diffolves  the  calx  of  mercury  nor  of  antimony, 
but  vitrifies  the  former:  finally,  it  diffolves  the  calx  of 
i:on,  and  likcwifc  forms  crvftals  with  iron  itfelf ;  which 
vinegar,  according  to  Arvidfon,  does  not.  4lh.  By  it's 
affinities,  for  it  always  detaches  vinegar  from  it's  union, 
and  even  takes  nickel  and  cobalt  from  the  acid  of  arfe- 
riic. 

According  to  Thouvenel,  the  forniic  acid  is  very  ana- 
logous to  the  phorj)horic,  or,  as  he  calls  it,  the  microcof- 
mic  acid;  but  he  has  not  given  any  account  in  which 

.      ^  I 
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properties  this  analogy  confifts.  On  comparing  thefe  two 
acids  together,  there  is  not  perhaps  two  others  which  have 
fo  diftant  a  refemblance.  The  firft  fuftains  a  vitrifying 
heat,  whilfl  the  other  is  deftroyed  by  the  heat  of  diftilla- 
tion;  the  one  forms  with  Hme  an  infoluble  fait  j  the  other 
a  fait  that  cryftallizes  and  is  foluble,  Sec. 

Lifter  affirmed  that  he  had  extracted  a  fimilar  acid  from 
wafps  and  bees ;  but  Arvldfon  and  Oehrn  were  not  able 
to  obtain  it  from  thefe  infects,  and  at  prefent  the  ant  is 
the  only  animal  in  which  it  ha«  been  found. 

The  formic  acid  is  therefore  an  acid  Jul  gt'fieris,  differ- 
ing in  it's  bafis,  but  pofleffing  the  fame  acidifying  princi- 
ple as  the  others,  viz.  vital  air.  *'  There  needs  no  other 
proof  of  this,"  fays  Morveau,  *'  than  the  effervefcence 
produced  by  the  refiduum  of  the  diftillation  of  formiat  of 
potaih.  Margraaf,  who  obferved  this  phenomenon  the 
firft,  before  the  theory  of  gafes  was  known,  was  afto- 
niflied,  with  reafon,  at  the  difappearance  of  the  acid  of 
this  fait ;  which  had  only  left  a  fait  with  alkaline  proper- 
lies,  and  which  etfervefced  with  it's  own  acid.  What 
pafles  in  this  operation  is  now  known  ;  if  the  acid  be  only 
weakly  attached  to  it's  bafis,  it  is  difengaged;  if  the 
union  be  more  intimate,  a  ftronger  degree  of  heat  is  ne- 
ceflary,  which  deftroys  by  it's  violence  the  compofition 
even  of  the  acid ;  and  the  acidifying  principle,  the  air  being 
detached  from  it's  bonds,  is  converted  into  carbonic  acid 
gas,  which  uniting  with  the  alkali,  renders  it  effei- 
vefcent." 

According  to  IMorveau,  this  acid  contains  phlogifton, 
which  is  lefs  adherent  to  it  than  to  vinegar,  fince  this  lad 
readily  dilTolves  the  calx  of  mercury,  whilft  according  to 
Arvidfon  and  Oehrn  the  formic  acid  reduces  it ;  i.  e,  is 
obliged  to  yield  it's  phlogifton  to  the  more  powerful 
affinity  of  the  mercurial  earth;  it  alfo  yields  it  to  the  de- 
phlogiflicaied  muriatic  acid. 

VOL.  II.  F 
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Thefe  phenomena  are  better  explained  by  the  new  chc- 
mirtrj'. 
Fotirrrfn's        f  ^p  definition  which   Fourcrov  has  given  of  the  acid 

<if  finijioii  of .  .  ^  o 

t.  IS  the  following  : 

*'  The  formic  acid  is  cxtra6ted  from  ants  either  by  dif- 
tillation  or  cxpreflion  with  water ;  reddens  blue  flowers 
in  the  livino-  infe6ls  ;  difeno-afres  itfelf  from  them  in  the 
form  of  a  very  ftrong  odorous  vapour,  analogous  in  it's 
odour  to  that  of  mufk  ;  deftroys  animals  'under  this 
gafcous  form  ;  is  capable  of  ferving  economical  purpofes 
like  vinegar  j  is  decompofed  by  a  great  heat ;  takes  oxygen 
from  oxygenated  muriatic  acid  ;  is  oftentimes  ftronger 
than  fulphuric  acid  ;  and  forms  falts  with  alkalies  and 
earths,  which  are  cryftallizablc  and  not  deliquefcent." 

Encycloped.  Methodique.  Chemie.  torn.  1.  p.  1.  artic. 
Acide  Formicin,  ou  des  Fourmis,  p.  GO, — Macquer's 
Chym.  Wcerterbuch,  von  Leunhardl,  tom.  1.  p.  179- 
art.  Anieifenfaurc.  — Margraaf's  Chymifche  Schriften, 
Berlin.  1768. — Rouclle,  in  the  Journal  de  Phyfique, 
Mars.  1773.— Abhandlung  von  der  Amcifenfaure,  von 
TTern  Arvidfon  and  Oehrn  in  Baldlnger's  Neues  Maga- 
zin  fur  Aerzte.  2  b.— Philofophie  Chimlque  par  Four- 
croy. — ^Bergman's  Opufcul.  iii.  tab.  2.  No.  CO. 
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L^dhc  add.      Althol'GH  the  acldlty  of  milk  or  whey,  from  the  great 
eafe  with  which   they  undergo  the  acetous  fermentation, 

JO  ' 

was  known  to  the  ancients,  yet  it  was  not  difcovered  to  be 
Difoyercd   owlng to  a  peculiar  acid,  until  the  experiments  of  Scheele 

Ly  Sclieele  .  . 

firft  made  it  known.  Previous  to  Scheele's  experiments, 
however,  it  appears,  that  Lichtcnftein  haci  obferved  this 
acid  when  fpeaking  of  the  acid  jugar  of  m\lk,  wjhich  he 


ACIDS. 


67 


fays,  ''  is  a  fugar  of  milk  rendered  impure  by  the  acid 
of  the  whev>  of  which  acid  it  maybe  deprived  by  repeat- 
edly extrafting  from  it  alcohol  or  pure  water/' 

Scheele,  however,  proved  it  to  be  an  acid,  and  is  there- 
fore entitled  to  the  difcovery,  for  it  is  to  him.  we  are 
indebted  'for  our  knowledge  of  it's  chara6lers  and  pro- 
perties. 

Milk,  if  left  to  itfelf  to  become  four,  receives  the 
greateft  degree  of  acidity  it  is  capable  of  in  about  four- 
teen days,  vv'hich  is  the  time  this  acid  fhould  be  obtained. 

Scheele,  in  order  to  obtain  this  acid  pure,  and  knowing  His  method 
it  impoffible  to  effeft  this  by  a  fimple  diftillation,  from  it. 
it's  not  being  able  to    bear  the  heat  neceffary  to  raife  it, 
and   that  in  a  lefs   degree  it   only  afforded    a   very  fmall 
portion  of  a  very  weak   vinegar,    had   recourfe  to  more 
induftrious  means  to  obtain  this  feparation. 

Being  affured  of  the  prefence  of  an  animal  earth  in 
whey,  from  the  precipitate  which  lime  v\'ater  or  cauflic 
volatile  alkali  occafions  in  it,  the  whey  evaporated  to  one 
half,  and  filtered  to  feparate  a  remaining  portion  of 
cafeous  matter,  had  afforded  him  a  precipitate  of  tartar 
on  adding  the  tartarous  acid ;  he  concluded  from  this, 
that  the  whey  contained  alkali,  or  rather  an  effential 
fait,  of  which  the  alkali  made  a  part ;  and  this  obferva- 
tion  was  further  verified  by  the  whev,  reduced  to  a  coal, 
having  afforded  him  by  lixiviation  fome  alkali  mixed 
with  a  little  muriat  of  potafli  inflead  of  it'  s  fait,  which 
was  deftroyed  by  combuftion.  In  fliort,  he  knew  that 
it  contained  fugar  of  milk  and  a  little  mucilage  j  it  was, 
therefore,  neceffary  to  ifolate  all  thefe  fubflances  by  pro- 
ceffes  incapable  of  altering.it,  and  the  fuccefs  will  be  feen 
to  have  anfwered  his  wiffies. 

He  firft  reduced  the  whey  to  |-  by  evaporation,  filtered 
It,  and  there  remained  no  more  cafeous  parts. 
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Iic  then  faturated  the  lir^uor  with  lime  water,  and  the 
antmal  earth  was  precipitated.  This  rupior  having  beeii 
fihcrcd  and  diluted  with  tlirec  times  as  much  water,  he 
added,  drop  by  drop,  fonie  lactharinc  acid  to  it  to  preci- 
pitate all  the  lithe,  and  he  airnrcd  himfclfj  by  the  addition 
of  a  little  lime  water,  that  there  remained  n6  more  fac- 
charine  acid. 

He  then  evaporated  the  liquor  to  the  confidence  ot 
honey,  and  the  thicker  acid  was  rediflblved  in  well  recti- 
fied alcohol.  The  fugar  of  milk,  and  all  the  other  fub- 
lianccs  foreign  to  the  acid,  which  liad  not  been  diflblved 
by  the  fpirits  of  wine,  remained  on  the  filter.  At  laft, 
after  having  returned  a  little  water  to  the  acid  held  in 
folution  by  the  alcohol,  he  diltilled  this  laft,  and  found 
in  the  retort  fonie  verv  pure  la6^ic  acid. 
^  ptmen-  Parmcntier  and  Deyeux  l\iy,  that  this  procefs  of  Scheelc 
^^"-  .  to  procure  this  acid  very  pure  does  not  merit  any  confi- 
dence, as  the  complicated  operation  he  employed  fo  to- 
tally changes  it's  nature,  that  it  prefents  noue  of  the 
properties  that  belong  to  it ;  that  it  is  rather  a  new  acid 
that  is  formed,  than  the  feparation  of  an  acid  that  pre- 
vioufly  exilted.  It  is  procured  by  congelation  ;  but  the 
acid  obtained  is  always  impure. 

Scheele  found  that  this  acid  afforded  no  cryftals,  even 
when  reduced  to  the  confidence  of  an  extra(5l,  and  when 
puflied  to  drynefs  it  deliquefccs. 
It's  pmpei-  On  difiillation,  at  firft,  fome  phlegm  arifes,  then  a  weak 
acid  relcmbling  fpirit  of  tartar,  afterward  an  empyrcu- 
matic  oil,  and  a  new  portion  of  the  fame  fpirit,  fome 
nicphitic  gas  and  infiammable  air.  In  the  retort  a  little 
coaly  matter  remains.  It  gives  tokens  of  the  prefence  of 
a  little  vitriolic  acid,  for  if  digetled  on  lead,  a  light  white 
fediment  is  formed  in  the  folution,  which  is  vitriol  of 
lead.  I 
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With  fixed  ycjietablc  alkali  it  forms  a  deliquefccnt  fait 
(gala6licum  potaffinum  of  Bergman)  which  is  folubk-  in 
alcohol. 

With  mineral  alkali,  a  fait  (g^lafticum  natratum) 
which  docs  not  cryftallize,  but  is  foluble  in  alcohol. 

With  volatile  alkali,  a  deliquefcent  fait  (gala6licum 
ammoniatum)  which,  on  expofnre  to  the  fire,  lofes  it'i? 
ammonia  before  it's  acid. 

With  barytes,  lime,  and  alumine,  it  forms  deliquefcent 
falts;  on  the  contrary,  with  magnefia,  it  gave  fome 
cryftals  which,  however,  deliquefccd  afterward. 

It  has  no  a6lion,  either  in  digedion  or  at  the  boiling 
point,  on  bifmuth,  cobalt,  antimony,  tin,  mercury,  filver 
and  gold. 

The  la.6lic  acid  which  has  repofed  on  tin  precipitated 
gold  from  aqua  rcgia,  of  a  block  colour;  it  gave  with  iron 
a  brown  folution  ;  with  copper,  a  blue  folution,  which 
became  green,  and  afterward  changed  to  a  dark  brown; 
with  lead,  a  harfh  fweet  folution  like  vitriol  of  lead ;  thefe 
are  not  cryftallizable  ;  with  lime,  however,  it  formed  a 
crvftallizable  fait,  As  to  the  reft,  Schecle  remarks,  that 
it  difengages  vinegar  from  the  terra  foljata  tartarl;  and 
Bergman  has  given  it  a  place  between  the  formic  acid 
and  vinegar. 

When  Scheelc  had  dlfcovcred  the  malic  acid,  he  fourjd 
the  only  difference  between  thefe  acids  to  be,  that  the 
laclat  of  lime  was  foluble  in  alcohol,  and  malat  of  lime 
infoluble. 

According  to  Bergman,   it's   affinities  are    to    other  it's  affini- 
bodies  in  the  following  order,    in  the  ?noiJi  u ay  :  Barytes^  \m\o  Berg- 
vegetable   alkali,    mineral   alkali,   ammonia,    calcareous  ™*"' 
earth,  magnefia,  alumine,  calx  of  zinc,  iron,  manganefe, 
cobalt,   nickel,   lead,  tin,   copper,    bifmuth,    antimony, 
arfenic,  mercury^  filver,  gold,  phlogifton,  and  platina. 
Ip  the  dry  ivay,     Barytes,  potafh,  and  foda,  calcarepus 
F3 
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earth,  magnefia,  the  calces  of  metal?,  ammonia,  and 
alumine. 

From  thefe  experiments  and  obfervations,  it  appears 
Opinion  of  t^  Morveau,   that   whey   is  of   itfelf,    and   independent 

Mo,  vcau.  '  •  r  V 

of  the  faits  it  contains,  an  acid  of  a  peculiar  nature. 
Schccle  feems  to  believe  that  it  does  not  afford  a  perfect 
vinegar ;  but  this  is  only  becaufe  it  wants  the  matter  which 
produces  the  fpirit  in  fermentation ;  Morveau  has  no 
doubt  but  that  one  part  of  it  becomes  vinegar,  and  he 
fupports  this  opinion  from  thefe  two  fatSls  : 

1.  If  a  bottle  filled  wilh  milk  be  inverted  in  the  fame 
liquor,  and  be  expofcd  to  a  degree  of  heat  fomewhat 
greater  than  that  of  fummer,  it  furniihes  mephitic  gas, 
which,  at  the  end  of  two  or  three  days,  is  found  to  have 
converted  the  milk  into  curd.  Tiiis  proves  that  milk 
may  undergo  a  complete  fermentation  without  (bowing 
any  evident  traces  of  alcohoj. 

2.  If  fix  fpoonfuls  of  good  alcohol  be  added  to  about 
three  pints  of  milk,  and  be  expofed  to  a  heat,  well 
Corked,  giving  vent  from  time  to  time  to  the  gas  of  fer- 
mentation, the  milk,  at  the  end  of  one  month,  will  be 
found  converted  into  very  good  vinegar,  which,  after 
filtration,  may  be  prefcrved  in  bottles.  Thefe  two  fa6ls 
prove,  according  to  Morveau,  that  the  galadic  acid,  as  he 
calls  it,  is  the  produfi:  of  the  acetous  fermentation,  and 
that  if  the  milk  was  richer  in  fpirit»  the  produft  of  the 
various  fermentations  would  bCmore  fenfible;  but  this 
does  not  prove  the  abfolute  identity  of  the  galaflic  acid 
and  vinegar;  and  Schccle  informs  us,  that  the  la£lic  acid 
does  not  cryfiallize  either  with  lime  or  foda ;  that  it  cryf- 
tallizcs  with  magnefia  ;  that  in  diftillation,  it  lets  go  the 
volatile  alkali,  and  that  it  takes  potaili  from  vinegar, 
which  announce  an  acid  different  from  vinegar.  i 

With  refpeft  to  Morveau's  ideas  on  this  acid,  he  looks 
up.  n  it  as  the  produftion  of  a  real  fermentation,  in  proof 
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of  which  he  remarks,  that  milk  is  retarded  from  becom- 
in<T  four  after  having  been  boiled,  or  diluted  with  a  large 
quantity  of  water.  In  thefe  two  cafes,  fo  contrary  in 
appearance,  Morveau  alTerts,  that  the  affinity  of  the  de- 
compofing  fubllance  is  equally  prevented  on  the  one  part, 
by  the  abftra6lion  of  a  portion  of  the  fluid  neceffary  to 
the  inteftine  motion  ;  on  the  other  part,  by  the  excefs  of 
the  fame  fluid,  which  occafions  a  too  great  difperfion  of 
the  parts,  which  is  very  conformable  to  the  progrefs  of 
every  fermentation. 

No  fpecies  of  fermentation  is  fufficiently  chara6lerized 
by  the  i^ature  of  the  produce,  which  is  an  acid.  It  is 
not  that  the  milk  is  not  alfo  fufceptible  of  the  fpirituous 
fermentation,  but  it  is  probable,  that  in  this  particular 
cafe,  the  pafTage  from  the  firft  to  the  fecond  fermentation 
is  fo  rapid  as  not  to  be  fenlibie,  when  the  too  eafy  dif- 
union  of  all  the  parts  of  the  ^lafs  is  not  oppofed  by  a 
mechanical  motion.  Whether  this  is  the  truth  or  not, 
it  is,  according  to  Morveau,  impollible  not  to  acknow- 
ledge a  fermentation  abfolutely  analogous  to  that  which 
converts  wine  into  vinegar  ;  the  agent,  the  manner  of 
acting,  the  effejfts  are  all  fimilar.  This  agent  is  the  air, 
it  a6J;s  by  tiie  affinity  it  cxercifes  upon  that  of  the  princi- 
ples of  the  mjlk,  which  ought  to  enter  into  the  compofi- 
tion  of  it's  acid  j  this  fubftance  fixes  the  air,  which  we 
know  to  be  the  common  acidifying  principle,  and  from 
their  combination,  the  acid  whey  or  galadlic  acid  arifes. 
Thus,  Morveau  affirms,  that  the  whey  did  iiot  exift  in 
the  milk,  fuch  as  it  \i  found  after  the  feparation  of  the  other 
conftituent  parts. 

Scheele's   Chemical  EfTays,   IJSS — Encyclop.  !NIe'th, 

tom.  I.  p.  1.  Chimie    art.  Acide   GalacSlique.  p.  63. — ■ 

Macquer's  Wcerterbuch  von   Leonhardi,   neue   Zufatze 

Luid  Anmerkungen  zu    1  ter.  b.  p.  753.  art.  Milchfaure, 

Molkenfaure  X-eipfig.  1792. 
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Sacciir-  Sacchc-JaRic  ac'iP-. — On  trcatinir  of  the  fiioar  of  milk, 

when  cliftillcil  vvilh  tlie  nitrous  acil ;  it  was  remarked, 
that  a  hirge  quantity  of  a  white  powdcrv  fuljflancc  was 
mixed  with  the  oxalic  acid,  which  rendered  the  fohition 
turbid  ;  and  which  it  was  necelfarv  to  feparate  from  the 
hquor  by  fikration,  before  the  cryftals  of  the  oxalic  acid 
could  be  obtained. 

Difcovpicd  This  fuhflance  was  difcovered  bv  Schcclc  to  be  a  pe- 
culiar acid,  to  which  the  nauie  of  faccho-laftic  acid  has 
been  given,  or  the  acid  of  the  fuo:ar  of  milk. 

The  chemifls  who  before  Scheelc  had  undertaken  the 
analylls  of  the  fugar  of  milk,  had  not  even  fufpe^ted  the 
exigence  of  fuch  an  acid,  and  although  it  was  admitted 
by  the  illuftrious  Bergman  as  an  acid  jm  gaurh^  to 
which  he  has  given  the  name  of  acid  urn  galafto-faccha- 
rinum  :  Hermbftadt  andWcftrumb  have  looked  upon  it  as 

Miftaken     a  calcarcdLis  faccharite  with  an  excefs  of  acid,  or  an  oxa- 

foi  an  oxa- 1  j  ^^^  jime.  Tudccd,  from  it's  external  appearance,  Schecle 
lat  ul  lime.  '  r  r  ' 

himfelf  had  at  firft  conceived  the  fame  idea,  that  it  might 
be  an  oxalat  of  lime  \  particularly  when  he  confidered, 
that  as  a  little  of  this  earth  always  exifts  in  milk,  it  might 
poffibly  be  prefent  in  the  fugar  of  milk  ;  but  experience 
foon  convinced  him  to  the  contrary;  for  on  pouring  a 
^  little  fiiccharine  acid  into  a  folution  of  the  fugar  of  milk, 

no  precipitation  took  place. 

Accordino-,  however,  to  Morveau,  this  obfervation 
alone  appears  not  to  merit  all  the  confidence  Scheele  gave 
it;  efpeeidly,  if,  as  he  fuppofes,  the  oxalic  acid  exifis 
alrcadv  formed  in  the  fugar  of  milk  :  for  it  is  evident  to 
this  cheniid,  that  the  addition  of  a  new  portion  of  the 
fame  acid,  not  being  able  to  form  a  different  combiiia- 
tion ;  nor  to  qni^.e  to  the  fait,  except  to  give  it  an  excefs 
of  acid,  would  only  favour  it's  folution,  inftead  of  proJ 
ducing  a  precipitation.  If,  however,  the  fugar  of  milk, 
as  Morveau  is  of  opinion,  as  vy'dl  as  common  fugar,  does 
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not  contain  tlie  oxalic  acid  ready  formed,  the  obfervation 
is  more  conclufivc,  although  not  declfive;  fince  it  is  pof- 
fihle  that  the  union  of  the  lime  with  the  other  conftituent 
parts  of  the  fngar  of  milk  is  fuch,  as  not  to  be  dellroyed 
even  by  the  oxalic  acid  ilfelf. 

The  other  proofs  alleged  by  Scheele  are  the  follow- 
ing, and  appear  to  be  decifive  of  it's  being  a  peculiar 
acid. 

ift.  Having  cad  fome  of  this  earthy  fubftance  into  a  Proofs  of, 
red  hot  crucible,  it  burned  like  oil,  and  fcarcely  left  any  pecuhar 
a{hes;    whereas,    according   to  Morveau,  the  oxalat  of^'' 
lime  left  a  refiduum  of  nearly  half  it's  weight. 

2d.  It  diffoK'ed  in  60  parts  of  boiling  water ;  one-fourth 
of  the  portion  diflblved  cryftal'izes  on  cooling-,  and  the 
remainino"  three-fourths  are  left  in  the  cold  water,  /".  e, 
one  part  of  this  earth  is  80  of  water  :  now  it  is  certain  that 
the  oxalat  of  lime  is  much  lefs  foluble,  and  Bergman  has 
obfers'ed,  that  it  was  not  more  fo  by  the  intervention  of 
fugar. 

3d.  240  grains  of  this  purified  fubflance  in  cryftals 
being  rediflblved  in  14400  grains  of  boiling  diftilled  wa- 
ter the  filtered  folution  manifefted  an  acid  favour,  red-^ 
dened  the  infufion  of  litmus,  and  cfTcrvcfced  with  chalk; 
but  none  of  thefe  properties  belong  to  the  oxalat  of 
lime. 

4th.  Scheele  diftilled  120  grains  of  it  in  a  retort,  it 
melted  very  readily,  became  black,  foamed  confiderably, 
and  in  the  neck  of , the  retort  a  brown  fait  was  fublimed, 
which  fmelled  like  a  mixture  of  benzoin  and  amber;  and 
there  remained  11  grains  of  coal.  The  receiver  contain- 
ed a  brown  liquor  without  any  oily  appearance ;  it  had 
the  fame  tafte  as  the  fublimed  fait,  in  (hort,  it  contained 
fome  of  it,  which  fcparated  by  a  gentle  evaporation.  The 
fublimate  weighed  35  grains,  it  had  an  acid  favour,  dif- 
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folvcd  readily  in  alcohol,  but  with  more  difficulty  in  wa- 
ter, and  in  the  fire  burned  with  a  flame. 

5th.  Concentrated  vitriolic  acid  diUilled  on  this  fait 
became  black,  foamed,  and  entirely  dedroyed  it. 

6lh.  This  purified  fait  thrown  in  fmall  quantities  into 
a  hot  folution  of  potafh,  until  there  was  no  longer  any 
cffen'efccnce,  foon  produced  a  quantity  of  fmall  cryftals. 
Thefe  were  perfcclly  neutral ;  they  only  required  for  I'olu- 
tion  eight  times  their  weight  of  boiling  water,  and  when 
the  water  was  cool,  the  greater  part  of  them  feparated 
from  it  again.  This  fubflance  did  the  fame  with  foda, 
but  only  five  parts  of  boiling  water  were  fufficient  to  dif- 
folve  a  portion  of  it. 

7th.  When  faturated  with  ammonia,  it  afforded  ait 
ammoniacal  fait,  which  after  a  gentle  calcination  was 
found  acid  on  diftillation;  ammonia  came  over,  which 
precipitated  lime  water. 

8th.  With  earths  it  formed  infoluble  falls.  It's 
aqueous  folution  decompofed  the  muriat  of  barvtes,  cal- 
careous nitre,  &c.  but  not  vitriolated  lime.  Thefe  folu- 
tions  were  in  turn  decompofed  by  the  fait  refulting  from 
the  union  of  this  fubflancc  with  alkali. 

9th.  Finally,  it  a6led  the  fame  with  metallic  calces  as 
with  earths ;  it  alfo  decompofed  feveral  metallic  folutions, 
but  not  thofe  of  copper,  iron,  zinc,  and  magnefia  in  the 
vitriolic  acid,  nor  thofe  of  tin  and  mercury  in  the  mu- 
riatic acid. 

Such  arc  the  properties  by  which  Sclieele  fupported  his 
opinion  of  it's  being  anewacidjdiflfercnt  from  all  the  other 
known  acids,  particularly  the  oxalic  ;  which  opinion 
is  now  well-eftabliflied  :  for,  according  to  Morveau,  it 
has  neither  the  taftc,  form,  folubilitv,  nor  power  of  the 
oxalic  acid  ;  nor  is  it  the  oxalat  of  lime,  for  this  is  a  neur 
tral  fait  without  taflc,  and  abfolutely  infoluble  J  nor  is  it 
a  calcareous  oxalat  with  an  excefs  of  acid,  for  in  confe- 
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quence  of  this  excefs,  it  ought  to  aft  like  this  acid,  when 
free, /'.  f .  decompofe  vitriolated  lime,  vitriols  of  copper, 
,  iron,  zinc,  manganefe,  and  the  muriat  of  quicklilver  ;  it 
ought  more  particularly  to  quit  it^s  earthy  balis,  when 
decompofed  and  re  olved  into  it's  aeriform  elements,  whe- 
ther by  fire,  or  ftlll  better  by  the  vitriolic  acid;  with  the 
alkalies  it  ought  to  produce  tv/o  diftinft  falts,  diffe- 
rent by  their  folubilitv,  becaufe  it  is  well  known  that  the 
alkalies  cannot  deprive  this  acid  of  lini'^',  and  we  have 
fecn  that  nothing  of  this  fort  took  place. 

Having  given  an  account  of  Scheele's  experiments ;  it 
will  be  now  neceffary  to  take  a  view  of  thofe  of  Hermbftadt  Hermbftadt, 
in  oppofition  to  the  former. 

It  has  been  faid,  when  treating  of  the  fugar  of  milk,  Expeiiment 

_  °  .  and  conciu- 

that  Hermbftadt  as  well  as  Scheele,  had  obtamed  an  (ion  in  op- 
earthy  fubftance  from  the  fugar  of  milk,  independent  of  s£,j)g'^""^  ° 
the  oxalic  acid,  which  he  obtained  in  cryfialsj  on  treat- 
ing that  fait  with  nitrous  acid,  12oo  grains  of  fugar  of 
milk  afforded  this  chemift  720  grains  of  this  fubftance 
when  edulcorated  and  dried,  which  exceeds  what  Scheele 
obtained  by  one  third,  which  Morveau  thinks  can  only 
be  attributed  to  a  more  perfect  decompofition  of  the 
fait.  In  his  firfl  memoir  Hermbfladt  has  defcribed  this 
fubftance  as  compofed  of  tender  flocks,  refembling  very 
fmall  cryftals  of  felenite,  of  an  acidulous  favour,  of  which 
they  were  not  to  be  deprived  by  ebullition,  and  in- 
foluble  in  water;  he  added,  in  his  fecond  memoir,  that 
this  fubftance  was  a  white  light  earth,  roujih  to  the  touch, 
fomewhat  fandy,  like  tartar  of  lime  (tartare  calcaire) ; 
that  it's  favour  was  fomewhat  acidulous,  but  weaker  than 
that  of  cream  of  tartar ;  that  it  likewife  had  an  earthy 
favour  refembling  that  of  gvpfum  ;  that  it  did  not  appear 
foluble  in  faliva  ;  in  fhort,  that  it  had  all  the  appearance 
of  calcareous  tartat,  or  oxalat  of  lime. 
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It's  infolubility  in  water  \V3S  an  important  article, 
which  ricrrablladt  difculiVd  again.  He  found, 
.  ifi..  This  rtc/^  earth,  as  he  calls  it,  on  being  digcfted 
with  diftii led  water,  very  little  was  dinblvcd  ;  yet  the  aci- 
dulous and  earthy  taftc  of  the  water,  and  the  fmall  refi- 
duuin,  fliowcd  that  fome  had  been  diffblved;  evaporated 
and  left  to  rcpofe,  it  Jeft  abrownidi  faline  particle,  of  r.a 
JLcid  favour  like  tartar,  and  which  formed  a  precipitate 
with  lime  water. 

2d.  140  grains  of  acid  earth  burned  in  a  red  hot  cru- 
cible, until  there  were  no  longer  any  vapours,  left  80 
grains  of  a  coaly  refiuuum.  This  dilVolvcd  in  nitrous 
acid,  and  filtered,  and  alkali  added,  20  grains  of  white 
calcareous  earth  were  precipitated,  and  tliere  remained  on 
the  filter  a  black  powder,  which  he  took  for  burnt 
acid. 

A  little  acid  earth  being  cxpofcd  to  the  flame  of  a 
candle,  it  immediately  fwelled,  gave  fuflb eating  vapours, 
and  ran  into  a  brown  matter  which  tafted  like  com- 
mon tartar  j  when  thrown  upon  the  coals  in  it's  fluid 
(late,  it  burned  with  a  white  flame,  decrepitated,  and  left 
behind  a  flightly  iufipid  coal. 

3d.  In  order  to  follov/ the  method  ofScheelc,  he  dif- 
tilled  fome  of  this  acid  earth  in  a  retort ;  it  melted,  filled 
the  receiver  with  fubtile  vapours  j  and  having  raifed  the 
heat  afterwards,  and  then  left  it  to  cool,  he  found  a 
hrownifh  fait  in  the  neck  of  the  retort,  of  an  acid  an4 
empyreumatic  favour ;  little  foluble  in  water,  mqre  fo  iri 
alcohol  5  which  he  attributed  to  an  oily  matter.  In  the 
receiver  was  a  little  brownifli  liquor,  which  had  all  the 
properties  of  an  aqueous  folution  of  the  preceding  fait. 
The  refiduum  was  a  light  coal  like  that  left  by  fugar  of 
milk  J  th,ere  were  no  traces  of  an  alkali,  but  nitrous  acid 
boiled  upon  it  gave  a  precipitate  of  calcareous  earth  on  the 
addition  of  an  alkali. 
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4t.h.  Hermbfiadt  had  alfo  fuppofed  thi;^  acid  earth  to 
contain  a  fuperabundant  acid,  and  to  deprive  it  of  it  he 
had  triturated  240  grains  of  it  with  a  folution  of  potafli, 
until  it  no  longer  effervefced,  and  the  mixture  had  au  , 
alkaline  favour.  The  diluted  liquor  being  boiled  a  few 
moments  gave  on  cooling  an  earthy  depofit ;  which  edul- 
corated in  hot  water,  and  dried,  weighed  330  grains,  /.  e» 
90  grains  more  than  at  firfl.  This  increafe  of  weight  an- 
■  nounced  it's  having  united  with  alkali,  which  he  con- 
firmed by  another  experiment ;  for  the  fame  earthy  depo- 
Jif^  put  into  a  red  hot  crucible,  foon  became  black,  gave 
vapours  of  the  odour  of  burned  fugar  of  milk,  and  there 
remained  a  brittle  faline  mafs,  the  folution  of  w-hich 
aiTorded  an  alkilinc  liquor,  and  a  little  earthy  precipitate 
like  calcareous  earth. 

5th,  He  likewlfe  poured  fome  volatile  alkali  to  excefs 
upon  this  acid  earth  ;  it  effervefced,  but  diflblved  very 
little;  diluted  with  diftilled  water,  and  expofed  one  hour 
to  a  fand  heat,  on  cooling,  -a  faline  pellicle  formed.  The 
liquor  having  Itill  the  odour  of  the  free  alkali,  he  evapo- 
rated it  to  drynefs,  and  found  fmall  confufed  cryftals  of 
a  neutral  fait.  He  remarks  as  a.  fact  difficult  to  explain, 
that  the  faline  or  earthy  matter  had  ]iot  increafed  in 
weight ;  it  had  not  the  acid  favour,  obferved  by  Schcelc, 
which  he  attributes  to  the  dit^crence  of  the  procefs. 

Cauftic  volatile  alkali,  treated  in  the  fame  manner  with 
this  acid  earth,  afforded  no  fenfible  folution  or  in- 
creafe of  weight ;  after  a  complete  evaporation,  the  dried 
faline  mafs  was  acid  as  before;  it  contained  no  alkali, 
fince  an  addition  of  two  parts  of  potafli  dlfengaged  no 
ammoniacal  odour. 

6th.  Hermbiladt  obferved,  as  well  :^s  Schcele,  that  the 
folution  of  this  acid  earth  was  not  rendered  turbid  by  fac- 
charine  acid. 

7th.  He  acrain  treated   this  acid  earth  witli  vitriolic 
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acid,  in  order  to  convert  the  calcareous  earth  he  fuppofed 
it  to  contain  into  fiilphat  o(  lime,  fie  boiled  40  grains 
of  concentrated  vitriolic  acid  diluted  with  48''  of  diltilled 
water  on  120  of  this  fubftance,  and  on  leaving  it  to  re- 
pofe,  there  was  a  dcpofit  of  felenite.  The  liquor  evapo- 
rated to  one  third  depofUcd  a  thick  black  matter  on  the 
fides  of  the  vefTel,  which  was  moflly  decompofed  fac- 
charine  acid ;  there  afterwards  feparated,  on  cooling, 
fome  cryrtalline  flocks  of  felenite,  which  waflied  and  put 
on  the  coals  gave  not  the  lealt  trace  of  faccharine  acid. 
The  reft  of  the  liquor  was  pure  vitriolic  acid. 

From  thefe  experiments,  Hermbftadt  concludes,  that 
the  acid  earth  is  compofed  of  calcareous  earth,  faccharine 
acid  in  excefs,  and  a  i'at  matter ;  that  it  is  not  a  pure  acid, 
as  it  would  be  more  foluble,  but  an  efTentlal  acid  fait,  of 
the  nature  of  tartar  or  fait  of  forrel,  except  inftead  of  the 
alkali,  it  is  the  lime  which  ferves  as  a  medium  of  union 
between  thefe  principles ;  that  it  only  differs  from  the 
fu'gar  of  milk,  becaufe  this  contains  a  greater  quantity  of 
acid  dulcified  by  the  fat  part  ;  that  when  fugar  of  milk  is 
treated  with  the  nitrous  acid,  the  faccharine  acid,  united 
to  this  fat  part,  is  fet  at  liberty,  and  that  the  furplus  re- 
mains combined  w  ith  the  calcareous  earth ;  laftly,  that 
the  vitriolic  acid  has  the  property  not  only  of  depriving 
the  faccharine  acid  of  the  calcareous  earth,  but  likewife 
of  decompofing  it. 
Morveau  Thcfe  concluiions,   drawn  from  Hermbftadt's  experi- 

[^^"co*  inbii^  w^^iits,  have  been  examined  by  Morveau,  who  begins  by 
oiSchedc.   ftating,  that  Kermbftadt,  in  order  to  combat  with  advan- 
tage Scheele's  fyftem  on  {hQfucho-liStic  acirlj  and,  at  the 
fame  time,  to    confirm    the  refulls  of  his  firfl  analyfis, 
ought  to  prove, 

III.  That  the  fubftance  to  which  Schecle  has  given 
that  name  had  a  bafis. 
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!fd.  That  il's  acid  was  the  faccharine  acid,  and  had  all 
It's  properties  :   which  he  had  not  done. 

It  appears  toMorveau,  that  with  refpe6l  to  the  calca- 
reous earth  which  Hermbftadt  found,  his  experiments  on 
this  part  are  more  concluflve  than  the  reft  ;  and  it  is  pof- 
fible  that  fugar  of  milk  contains  fome  of  that  earth,  if 
not  effentially,  at  leaft  accidentally.  Scheickel  found  fome 
in  refined  fugar.  The  fugar  of  milk  which  Morveau 
fubje6led  to  experiment  came  from  Switzerland  -,  it  was 
very  white  and  perfc6lly  cryftallized. 

He  took  fome  of  the  acid  earth  in  it's  greateft  ftate  of 
purity  /.  e.  difTolved  in  boiling  water,  cryftallized,  and 
then  rediffolved ;  into  this  he  poured  a  few  drops  of  lime 
water,  to  the  point  of  faturation  ;  he  then  added  fome  of 
the  fame  acid  until  there  was  an  excefs  of  it ;  he  then  left 
it  to  repofe  for  24  hours,  to  be  certain  that  the  fait  which 
had  formed  was  held  in  folution  ;  he  then  poured  fome 
common  faccharine  acid  into  it,  and  in  a  few  hours  there 
was  a  very  fenfible  depofit  that  obfcured  the  fides  of  the 
glafs,  which  is  ufual  with  the  faccharite  of  lime  pro- 
duced by  precipitation.     This  proves  two  fa6ts: 

1ft.  That  it  was  not  the  faccharine  acid  which  held 
the  lime  in  folution,  or  the  addition  of  the  fame  acid 
would  have  promoted  inftead  of  itopping  the  folution  j 
an  acid  never  decompofes  falts  of  it's  own  fpecies. 

2d.  That  it  is  impoflible  that  the  acid  earth  holds 
calcareous  earth,  fince  this  acid  earth  cannot  be  collccled 
except  at  the  moment  it  fwinis  in  the  faccharine  acid  j 
and  it  is  lliown  by  this  experiment,  that  this  laft  acid  de- 
prives this  acid  earth  of  it's  calcareous  earth,  and  forms 
with  it  an  infoluble  fait.  Thus,  at  moft,  it  would  be 
calcareous  faccharite  that  is  mixed  accidentally  with  it, 
which  it  could  not  diffolve.  Hence  Morveau  concludes, 
that  this  acid  is  really  the  faccho-latlic  acid,  which  is 
ditferent  from  the  oxalic  acid. 
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Morveau  found,  thai  to  diirolve  fix  grains  of  this  acid 
completely,  nearly  one  ounce  ofhoiling  water  was  necef-* 
fary,  and  that  it  depofitcd  about  14  in  a  more  cryftallized 
form  on  beconiing  cool :  this  liquor  very  fenfibly  redden- 
ed blue  paper;  it's  fpeci fie  gravity  at  I'J'  was  1,0015.  It 
eflervefces  with  the  carbonated  earths  and  alkalies,  and 
forms  with  them  neutral  falts,  which  have  been  called 
faccho]a6lats  by  the  French  chemifts. 

As  this  acid  can  only  be  diflolvcd  in  fmall  quantity,  it 
cannot  haveanv  action  in  a  liquid  ftate  upon  the  metals ; 
it  unites  better  therefore  with  their  calces,  and  forms  falts 
with  them  very  little  foluble. 

Fourcroy  in  his  Philofophie  chimique,  has  thus  defined 
it.  The  faceholailic  acid  is  precipitated  in  the  form  of  a 
white  powder,  from  the  oxalic  acid  formed  by  the  fugar 
of  milk,  and  the  nitric  acid;  it  is  very  little  fapid,  very 
infoluble,  dccompofed  bv  means  of  tire,  and  affords  a 
fublimed  fait  of  the  odour  of  benzoin;  it  forms  cryftal- 
lizable  falts  with  alkalies,  that  are  very  little  known. 

The  order  of  it's  affinities,  according  to  Bergman,  is 
the  following : 

Aloijl  way.  Dry  way. 

Lime  Alcohol  Lime 

.Barytes  Phlogifton.  Barytes 

Magncfia  '  Magnefia 

•Potafh    .  Pota(h 

Soda  Soda 

.  Anmionia  Metallic  calces 

Arglle  Ammonia 

Metallic  calces  Argile. 

Water 

This  cheiiiifl  obferves  that  the  order  of  the  earths  is 
very  difficult  to  determine,  from  the  fmall  folubility  of 
the  falts  relulting  from  their  combinations. 

That  it  gives  up  the  calcareous  earth  to  feven  acids. 
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viz.  the  faccharine,  oxalic,  vitriolic,  tartareous^  karabic, 
phofphoric,  and  ouretic. 

That  it  decompofes  the  nitres  of  filver  and  mercury, 
and  the  nitre  and  muriat  of  lead. 

That  by  double  affinity  it  decompofes  all  the  metallic 
falts,  when  it  is  in  the  ftate  of  an  alkaline  neutral  fait. 

Morveau  is  of  opinion,  that  this  acid  is  formed  of  the 
acidifying  principle  oxygen,  and  a  radical  or  acidifiable 
bafis  J  and  that  every  thing  concurs  to  indicate,  that  the 
fugar  of  milk  contains  only  thefaccholaftie  radical,  which 
being  different  from  the  faccharine  radical,  conftitutes  all 
the  difference  between  the  fugar  of  milk  and  common 
fugar. 

Scheelii  Opufc.  chem.  et  phyf.  T.  1 1 .  p.  1 11. — Hermb- 
fladt's  Phyf.  und  chem.  Abhandl,  T.  1.  p.  301. — Ency- 
cloped.  Method.  Tom.  1.  Chimie,  p.  2SS  to  293. — 
Philof.  Chimiq.  p.  71. 


BoTubic  acid: — It  had  been  mentioned  by  the  Abbe  Bombic 
Boiflier  de  Sauvages,  in  treating  of  the  difeafe  of  the  lilk- 
worm,  .which  the  French  call  mufcardine  j  that  on  tailing 
the  humour  of  one  of  thefe  difeafed  infe£ls,  which  he 
had  cut  in  two,  he  found  it  to  imprefs  on  the  tongue  a 
very  flrong  degree  of  acidity,  but  he  looked  upon  it  only 
as  the  effect  of  the  difeafe,  and  perfedlly  foreign  to  the 
organization  of  the  infeft. 

In  1781,  Cbauflier  being  defirous  of  making  a  few  ex-  Difcovered 
perimcnts  on  filk  worms,  had  bred  a  certain  quantity  of  fjer. 
them  for  that  purpofe.  Several  of  thefe  having  efcaped 
from  the  paper  cafes,  got  into  an  adjoining  cheft  of 
drawers,  where  having  peaceably  fpun  their  filk,  they  un« 
derwent  the  other  two  changes.  Having  fome  time  after 
looked  into  the  drawers,  to  his  great  furpiife  he  found 
feveral  leaves  of  blue  paper  with  red  fgpts,  a*  if  fome  acid 
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had  been  fprlnlilcd  upon  them.     This  excited  his  curiofi- 
ty ;  and  on  feeing  fcveral  of  ihefe  infefts  in  their  butterfly 
lUte   attached   to    this   paper,    he  fafpeiled   tJiat   they 
might  contain  feme  acid  liquor,  which  was  neceflary  in 
performing  fome  fimttion,  and  which  they  (hed  during 
their  nietamorphofis  into  a  butterfly.     This  fufpicion  was 
fo on  verified,  for  on  cnclofmg  a  few  of  them  in  cafes  of 
this  bhie  paper,   when  they  were  about  to   undergo  this 
change,    he  obferved    the  paper  to  be  moiftencd,   and 
changed  in  fpots  to  a  red  colour ;  and  hence  arofe  the 
difcovery  of  the  exigence  of  a  difengaged  acid  in  the  fiik 
worm,  called  the  bombic  acid. 
Thep;iitof      Chauflicr,  in  order  to  find  whence  this  acid  liquor 
tha/fuppiies  Proceeded,  examined  the  vifcera  of  this  infeft,   and  found 
that  the  lymph,  which  in  the  caterpillar  ftate  circulated 
in  a  fpungv  texture,   fituate  between  the  fkin  and  the 
fromach,  was  collected  and  depofitcd  by  degrees,  as  the 
animal  was  preparing  for  it's  chryfalis  ftate,  in  a  new  re- 
fervoir   fituate  near  the  anus;  and  was  formed  at  the 
time  when  the  animal,  pre-fled  by  the  neccflity  of  voiding 
it's  refervoirs  of  the  gummy  juice,  lays  the  firft  veftigos 
ofit'sfilk. 
It's  coloui-.       Accumulated  in  this  refervoir  of  the  chrvfalis  or  rlfing 
butt<?rfly,  it  is  of  an  amber  colour,  of  a  peculiar  favour, 
and  flightly  mucous;  in  fliort,  fays  Chauflicr,  *'  It  is  a 
free  acid  whicli  immediately  reddens  the  blue  tinftures  of 
vegetables,  unites  with  effervcfcence  to  aerated  alkalicsy 
diflblvcs  certain  metals  ;  treated  on  the  fire  with  alcohol, 
according  to  the  procefs  of  Landriani,  producesa  fort  of 
aether;  is  reduced  to  a  gas,  and  finally,  has  all  the  proper- 
ties charafteriflic  of  acids. 
Method  of     •   Having  fatisficd  himfclf  rcfpc^ling  the  origin  and   feat 
from'^i"/ ''  of  t^^e  ^c'^^^   Chauffier  was  defirous  of  finding  the  bcft 
chryfalis.     mcthod  of  collev9:ing  it;  and  he  firft  began  by  cutting 
the  chryfalis  in  two,  in  order  to  fcparatc  that  part  which 
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contained  the  acid,  but  as  it  immediately  changed  the 
Itecl  to  a  black  colour,  and  had  the  inconvenience  of 
making  his  fingers  black  as  ink,  which  continued  feveral 
days  J  and  befides,  as  it  would  have  foon  become  putrid, 
like  all  other  animal  acids  extra£led  by  expreffion,  by 
holding  in  folution  fome  mucous  parts,  this  academician 
made  ufe  of  another  procefs  to  obtain  the  liquor.  He 
bruifed  15  oz.  of  healthy  chryfaijdes  recently  drawn  from 
the  filk-cods,  in  a  glafs  mortar  j  and  by  exprefiing  them, 
through  a  linen  cloth,  obtained  9  oz.  of  a  thick  yellow- 
ifli  juice,  very  ftrongly  acid. 

The  chryfalides  which  are  not  drawn  from  their  cods  till  v 
after  the  winding  of  the  filk,   and  have  been  expofed  to 
the  heat  of  the  furnace,  or  the  vapo.ur  of  boiling  water, 
ftill  afford  the  fame  liquor. 

To  deprive  this  liquor  of  it's  mucous  partSj  which 
would  not  only  diminifh  it's  dilTolving  energy,  but  dif- 
pofe  it  to  putrefaftion  ;  he  added  2  oz.  of  alcohol  to  it. 
The  mixture  at  firft  was  warm,  but  foon  became  clear  ; 
and  being  filtered,  the  liquor  was  clear,  of  a  beautiful 
orange  colour,  and  of  an  odour  approaching  that  of  the 
filk  worm  or  mulberry  tree.  Into  this  filtered  liquor  fome 
more  alcohol  was  poured  by  degrees,  and  at  each  time 
there  formed  a  flight  white  precipitate;,  which  was  no- 
thing but  a  gummy  fubftance.  This  was  continued  un- 
til no  more  precipitate  appeared,  for  which  3  ounces  and 
half  were  neceflary. 

The  different  depofits  that  remained  on  the  filter 
weighed  one  ounce  and  a  half;  and  the  furface  rerembled 
jslu  oil  of  a  beautiful  orange  colour,  of  the  odour  of  the  filk 
worm.  This  oil  was  infoluble  in  fpirit  of  wine,  althoup;h 
it  coloured  it  fomewhat ;  one  part  was  of  a  gummv  na- 
ture, and  foluble  in  water,  the  other  part  appeared  to 
Chauffier  to  be  a  fort  of  animal  gluten,  intimately  united 
to  an  earth  and  a  fat  oil, 
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Toebuin-it      Jnftead  of  hruifing  the  chryfali<;les  they  may  be  fimply 
infufcd  in  alcohol.     In  a  (liort  time  ihe  acid  unites  to  the 
fpirit,  is  of  a  beautiful  tranfparent  orange  colour  j   and  as 
the  acid  is  more  fixed  than  the  fpirit,  by  evaporation  by  a 
gentle  heat  a  vcrv  pure  acid  is  obtained,  which  concen- 
trated by  evaporation  in  the  air,  and  purified  from  the 
mucous  matter  by  repeated  filtrations,  is  no  longer  fub- 
jeft  to  change. 
The  acid         Having  fatisfied  himfelf  of  a  free  acid  in  the  chryfalis, 
every  Hate    he  was  dcfirous  of  knowing  whether  it   exifts  wholly 
acconiiuK     formed  during  all  the  ages  of  the  infe6l,  or  only  on  paf- 
to  Chauffier.  flng  to  the  chryfalidc  (late.     He  had  at  firft  embraced  the 
latter  opinion,  founded  on  this  circum (lance,  that  the  dif- 
tillation  of  12  oz.  of  (ilk  worms  in  the  fourth  age  only 
aflbrdcd  fomc  phlegm,  an  empyreumatic  oil,  and  volatile 
alkali ;  without  any  evident  vcftige  of  an  acid,  or  even  of 
a  gas,  thai;  might  have  announced  the  decompo(ition  of 
the  acid.  But  he  received  no  more  on  diftilling  the  chry- 
falides  themfclves,  in  which  the  acid  is  fo  developed  ;  on 
the  other  fide,  the  coaly  refidua  of  both  operations,  lixi- 
viated in  boiling  water,  furniflicd  a  neutral  ammoniacal 
fait;  and  even  the  eggs  of  the  (ilk  worm,  when  digefted 
in  water  mixed  with  a  little  alcohol,  afforded  him  feme 
feeble  hut  evident  marks  of  acidity, 

Kence  he  thinks  he  is  enabled  to  conclude,  that  the 
acid  principle  exifls  at  all  times  during  the  life  of  the  in- 
fect, but  in  a  different  manner  j  in  the  egg  and  in  the 
v.'orm  it  is  combined  with  a  glutinous  gummv  fubdance, 
and  it  cannot  be  recognized  without  precipitating  this 
fubdance,  which  marks  it's  properties,  as  by  the  infufion 
of  alcohol,  whilft  nature  performs  this  operation  in  the 
difeafe  called  the  mufcardine ;  but  in  the  chryfalis  the  acid 
is  always  free  and  developed,  and  immediately  (hows  it's 
acid  properties. 
Objcftfd  to      This  conclufion  of  Chauflier  appears  to  Morveau  to 


ACIDS.  85 

have  feveral  obicdions;   for  example,   it  Is  not  known  ^y  ^'°''- 
.       .  ...  .  veau. 

what  becomes  of  the  acid  in  the  diftillation,    which  is 

,  found  at  leaft  in  excefs  in  the  chryfalis^  nor  is  it  more 
eafy  to  conceive  how  this  acid  ihould  be  able  to  form  with 
the  volatile  alkali  an  ammoniacal  fait,  that  could  refift  a 
diflilling  heat,  without  even  being  fublimed  ;  in  fhort^ 
Morveau  is  of  opinion,  that  the  eggs  of  the  infe6t,  after 
their  maceration  in  water  and  alcohol,  may  leave  fome 
traces  of  an  acid,  without  it's  being  the  fame  as  that  of 
the  chryfalis.  As  it  has  been  proved  that  this  laft  is  very- 
abundant  and  manifeft,  he  is  inclined  to  believe,  that 
before  this  metamorphofis,  the  animal  contains  only  the 
acidifiable  bafe,  which  afterward  pafles  to  a  ftate  of  per- 
fe6l  acid,  by  combining  with  the  acidifying  vital  air,  by- 
means  of  fome  fun6lions  peculiar  to  the  new  organiza- 
tion of  the  infeft. 

This  acid  attacks  iron,  lead,  and  copper,  with  which  It's  aftisn 
it  forms,   according  to  the  French  nomenclature,  bom-  t^jj  '^  "^'^' 
biats,  and  in  the  definition  of  it  given  by  Fourcroy,  it  is 
faid  to  undergo   a  fpontaneous  decompofition,   affording 
the  pruflic  acid  by  diftillation  and  nitric  acid,  but  un- 
knowzi  at  prefcnt  in  it's  combinations. 

Mem.  fur  un  Acide  particulier  decouvert  dans  le  ver- 
a-foie,  avec  des  obfervations  fur  I'origine,  le  fiege  de  cet 
acide.  Sec.  par  M.  Chauffier,  Nouv.  Mem.  de  I'Acad.  de 
Dijon,  ace.  fern.  1783,  p.  70. — Encycloped.  Method, 
art.  Chimie,  T.  1.  p.  410. 


Lithic  Acid.     For  the  difcovery  of  an  acid  in  the  cal-  Lithic  acid 
cuius  of  the  bladder,  we  are  indebted   to  the  labours  of 
Scheele  and  Bergman.     It  is  called  by  Morveau,  in  the 
Encyclop.  Meth.  the  lithic  acid,  from  XiQia?*?  or  x.Go?,  which 
themifts  and  phyficians  have  made  ufe  of  as  a  radical 
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word  in  their  account  of  the  calculus.  By  fome  chemifts 
it  is  called  theuiic  acid, 
jtjs  proper-  -pj^^  lithic  acid  is  a  body  compofed  of  fmall  needles, 
clofely  comprefl'ed  together,  forming  very  denfe  lamince, 
fufceptible  of  a  polifh  like  marble.  It  is  of  the  colour 
of  wood,  is  nearly  infipid,  and  weakly  reddens  the  blues  of 
vegetables.  It  is  infoluble  in  cold  water,  but  foluble  in 
more  than  1000  times  it*s  weight  of  boiling  water;  it 
cryflallizes  on  cooling.  It  is  foluble  in  the  nitric  acid 
when  a  little  concentrated,  which  gives  it  a  rofe  or  pink 
colour  J  this  is  communicated  to  the  fkin,  and  when 
evaporated,  a  rofe  coloured  deliquefcent  refiduum  remains. 
It  is  infoluble  in  the  fulphuric  and  muriatic  acids.  It 
is  foluble  in  cauftic  vegetable  and  mineral  alkalis,  and 
may  be  precipitated  from  them  by  the  weakeft  acid, 
even  by  the  carbonic :  hence  it  is  infoluble  in  alkaline 
carbonat,  and  is  the  weakefl;  of  all  acids,  which  diftin- 
guiflies  it  from  every  other. 

On  diftillation,  it  is  in  part  decompofed,  affording  tjje 
carbonat  of  ammonia  in  fmall  quantity,  and  the  pruf- 
fic  acid,  and  is  in  part  fublimed  into  an  acid  fublimate. 

It  unites  to  earths,  metallic  acids,  alkalis,  forming 
with  them  peculiar  neutral  falts,  called  lithiats  of  am- 
monia, of  lime,  of  copperas;  but  it  appears  to  prefer  the 

alkalis  to  the  earths, 
cifervedby      Although  Schcele  may  be  looked  upon  as  the  difcovercr 
huctk.         of  this  acid,  yet  Leuwenhoeck  had  obferved,  before  him, 

the  cryftalline  depofite  which  took  place  in  water  in  which 

a  calcined  vefical  calculus  had  been  boiled  ;  but  he  had 

no  idea  of  it's  being  an  acid. 
Where  The  lithic  acid  is  found  to  compofe  the  greater  part 

fouad.  .  .  I  fc  i       . 

of  human  urinary  calculi,  as  well  as  the  chalkftones 
formed  in  the  gout.  Sometimes  it  forms  only  the  cen- 
tral part  of  the  calculus,  and  is  covered  with  eartliy  phof. 
phats;  at  other  times  it  is  depofited  upon  a  nucleus  of 
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oxa^lat  of  lime.  It  has  not  at  prefcnt  been  found,  ac- 
cording to  Fourcroy,  in  other  animals.  It  exifts  in  all 
human  urines,  and  is  precipitated  from  them  in  the  form 
of  red  fand,  on  cooling;  it  is  more  abundant  after  acute 
difeafes.  It  is  this  acid,  according  to  Fourcroy,  that 
forms  the  critical  depofite  of  urines ;  it  is  moft  often 
found  forming  gravel  in  the  kidnies.  It  is  diflblved  on 
being  fufpended  in  a  ley  of  very  pure  potafh,  greatly  di- 
luted with  water,  which  may  be  injected  into  the  blad- 
der. It  appears  to  be  naturally  united  in  urinary  cal- 
kali  with  a  coloured  animal  fubftance,  which  would 
feem  to  be  uree,  but  in  very  fmiiU  quantity.  In  the 
chalkftone  it  is  united  with  foda ;  and  on  diftiliation 
this  acid  is  decompofed,  and  yields  the  ufaal  produAs  of 
other  animal  fubllances,  viz.  a  fetid  alkaline  liqunr, 
a  heavy  fetid  oil,  volatile  alkali,  and  a  fpongy  coal; 
this  laft,  on  incineration,  fufcs  into  a  white  fait  that 
docs  not  dcliqucfce,  is  inlireiv  foiuble  in  water,  is  alkaline, 
and  when  faturated  with  nitrous  acid,  gives  rhomboidal  \ 
cryflals;  hence  it  is  foda,  the  other  part  of  the  chalk- 
ilonc. 

It  had  been  fufpe6led  by  Fourcrov,  that  this  acid  was  Convordoa 
nothing  but  a  modification  of  another  acid  ;  and  from  a 
late  experiment  of  Brugnatelli,  this  fufpicion  was  true. 
He  fouiid  that  the  lithic  acid  was  converted  into  the  ox- 
alic acid  with  aftonidiing  rapiditv,  onfuffering  it  to  come 
into  conta6l  for  a'few  minutes  with^oxygenated  muriatic 
acid  gas;  this  experiment  has  been  repeated  by  Four- 
croy^ and  confirmed.  He  placed  a  little  powdered  uric 
calculus  in  a  tube  of  glafs,  moiftened  it^  and  on  paffing 
fome  oxvgenated  muriatic  acid  gas  through  it,  the  con- 
verfion  immediately  took  place. 

Leonhardi's  Woerterb.  v.  5.  p.  238.  art.  Blafenfleine- 
faure. — Fourcroy's  Elemens  de  Ch.  T.  4.  art.  Acide  IJr-  ' 
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thique.  1791. — Ency.  Meth.  art.  Acide  Llth  iafique, 
Tom.  I.  p.  1,  410. — Annal  de  Chim.  No.  95. 
p.  184,  216. 


Amniotic  jfmnioiic  acid.     This   acid  was   firfi:  difcovcrcd  in    the 

acid. 

liquor    amnii  of  tl)C   cow,   by   Buniva  and  Vauquelin. 

The  fmall  quantity  they  were  able  to  procure  pre- 
vented them  from  extending  their  experiments  upon  it, 
or  from  afcertaining  the  quantity  of  it's  component  parts  j 
but  the  inveftigation  was  fufficient  to  convince  them  of 
it's  being  a  pecuUar  acid. 
tie's  ^^^^^'  The  amniotic  acid  is  a  white,  fhining,  concrete  fub^. 
fiance;  it's  favour  is  very  flightly  acid. 

It  changes  the  timSlure  of  htmus  to  a  red  colour. 
It  is  very  little  foluble  in  cold  water,  much  more  fo  in 
boiling  water,  from  which  it  feparates  on  cooling,  in  the 
form  of  needles,  feveral  centimetres  in  length. 

It  readily  combines  with  cauflic  alkalis,  which  render 
it  very  foluble  in  water  j  the  other  acids  feparate  it  from 
it's  faliriC  combinations,  in  the  form  of  a  white  cryftal- 
line  powder  ;  it  does  not  decompofc  alkaline  carbonat?, 
except  by  means  of  heat;  it  produces  no  change  in  tlie 
aqueous  folution  of  alkaline  earths,  or  in  the  nitric 
folutions  of  filvcr,  lead,  or  mercury, 

Expofed  to  the  fire,  it  fwells  and  emits  an  amgionlacal 
odour,  evidently  mixed  with  prufTic  acid  ;  a  large  volume 
of  coal  is  left  behind. 
It's  reiati.  n  It  vvould  appear  at  firft  to  have  fome  relation  to  the 
acids."  '  '  faccholadic  and  uric  acids ;  but  this  is  foon  found  to  be 
only  externally,  for  the  faccholaftic  acid,  on  dillillation, 
affords  no  ammonia  ;  the  uric  acid,  indeed,  gives  both 
ammonia  and  the  pruflic  acid,  onexpofure  to  the  fire,  but 
it  is  not  fo  foluble  in  hot  water,  does  not  cryftallize  into 
long,  white,  and  fhining  needles,  and  more  particularlv, 
is  not  foluble  in  boiling  alcohol,  like  the  amniotic  acid, 
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Des  Proprletes  de  I'acide  contenu  dans  I'eau  de  I'am- 
nios  de  vache,  appellee  acide  amyilotlque^  dans  iin  memovre 
fur  I'eau  de  ramnios,  &c.  par  les  Cit.  Bunlva  et  Vauque- 
lin,  An.  de  Ch.  N°^99.  p.  279-     An.  8,  or  I800. 

Jcid  of  phcfphorus. — This  appellation  has  been  siven  by  Phofp'^o'us 
chemifts  to  this  acid,  bccaufe  it  was  nrft  obtained  by  two  kind* 
combuftion  from  an  inflammable  fubftance  called  phof-  uoq"'^ 
phorus,  which,  when  pure,  is  a  w-hite  tranfparent  body, 
refeinbling  wax.  It  is  fometimes  cryftallized  and  very  fu- 
fible.  Phofphorus  undergoes  two  fpecies  of  combuftion. 
J 11.  If  it  be  expofed  to  the  common  air  of  the  atmofphere 
at  the  loweft  temperature,  even  a  few  degrees  below  zero, 
during  the  day  a  white  fmoke  or  vapour  is  feen  to  fnr- 
round  it;  if  during  the  night,  this  vapour  appears  in  the 
form  of  a  greenifh  white  waving  light  j  and  in  perfetl 
darknefs,  the  luminous  rays  are  fo  expanded  as  only  to 
difappear  at  fome  diflance  from  the  phofphorus.  This 
luminous  vapour  is  unaccompanied  by  any  fenfible  heat, 
and  does  not  communicate  flame  to  other  combuflible 
bodies,  but  continues  to  burn  and  emit  light  to  the  la(t 
atom.  This  is  called  the  flou-  combuftion  of  pholpho- 
rus,  and  if  it  be  made  in  an  apparatus  under  a  glafs  bell, 
where  the  air  can  be  flowly  renewed  by  lateral  apertures, 
the  acid  which  is  formed,  and  is  difliblved  by  the  humi- 
dity of  the  air  it  attracts,  is  the  phfjfphoric  acid,  2d.  If 
the  temperature  in  which  the  phofphorus  is  expofed  to 
common  air  be  raifed  above  40  degrees,  or  even  fomewhat 
lower,  this  flow  combuftion  foon  gives  place  to  a  rapid 
combuftion,  a  deflagration  takes  place,  accompanied  by  an 
afpcrfion  of  numberless  fla^Jies,  and  very  vivid  limiinous 
decrepitations ;  the  fufion  is  complete,  and  the  heat  very 
ardent  that  ariics  from  it,  and  the  produ»5l  is  ihe  phofpho- 
ric  add.  This  rapid  combuftion  js,  however,  more 
popiplete  in  oxygep  gas.     Phofphorus  when  plunged  intq 
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this  gas,  does  not  burn  in  the  cold,  but  if  when  melted  it 
be  placed  in  contact  with  it,  it  iaimediately  inflames,  and 
the  light  is  fo  ftrong  as  to  be  infupporlable  to  the  eve  j 
and  fo  great  is  the  quantity  of  heat,  that  according  to  La- 
voifier  and  Laplace,  one  pound  of  oxygen  employed  in 
the  combuftion  of  this  body  furniflies  a  quantity  of  heat, 
capable  of  melting  66  lb.  10  oz.  5  drachms  and  24  grains 
of  ice  at  zero.  This  phofphorus  abforbs  once  and  a  half 
it's  weight  of  oxygen,  and  is  converted  into  white,  fnowy, 
cryftalline  flocks,  which  are  the  acid.  If  this  phofphorus 
thus  melted  be  burnt  at  the  bottom  of  water  by  commu- 
nicating oxygen  to  it,  the  acid  is  diflblvcd  and  puts  on  a 
liquid  form. 
Tt*?  purifi.  Since  phofphorus,  when  flrft  made  by  artificial  means, 
is  not  in  it's  pure  flatc,  methods  have  been  difcovcred  to 
rid  it  of  it's  impurities.  Some  recommended  the  re6lify- 
ing  of  it  by  difl:illation,  it  was  put  into  a  fmall  glafs  retort, 
to  which  a  receiver  half  filled  with  water  was  applied,  and 
a  gentle  heat  forced  over  the  phofphorus;  but  whatever 
precaution  was  ufed,  a  part  of  the  phofphorus  is  always 
lofi:  by  being  converted  into  acid.  Another  method  is, 
to  melt  it  in  hot  water  a  little  below  ebullition  ;  it  is  then 
poured  into  cold  water,  taking  care  not  to  let  it  come  into 
conta6l  with  the  air^,  as  mifchief  might  enfue  from  it's 
inflammation ;  then  cut  in  pieces,  put  into  tubes  and  li- 
quified again  in  hot  water,  and  when  cold  taken  out;  by 
this  means  the  impurities  being  liiihter  than  the  phofpho- 
ros,  feparate.  A  third  method  isto  put  tiie  phofphorus 
into  fome  chamois  leather,  which  is  to  be  dipped  in  boil- 
ing water  till  the  phofphorus  is  melted  ;  it  is  then  to  be 
prefled  through  the  leather  in  the  manner  quickfilver  is  pu- 
rified; but  the  leather  can  be  employed  only  once,  as  it  co- 
lours the  phofphorus  the  fecond  time;  this  method  was  re- 
rommended  by  Pelletier.  It  is  then  put  into  a  long-necked 
glafs  tunnel^  which  is  clofod  at  the  fmallcr  end  by  apiece  of 
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Wood  or  cork,  filled  with  water  and  placed  in  boiling 
water;  during  fulion  it  takes  the  form  of  the  tunnel;  it  is 
afterwards  plunged  into  cold  water,  and  when  fixed,  the 
phofphorus  is  thruft  out  by  a  bit  of  wood.  It  is  preferv- 
ed  in  water,  although  after  a  certain  time  it  lofes  it's 
tranfparency,  is  covered  with  a  white  powder,  and  the 
water  becomes  acid.  The  red  impurity  obferved  to  at- 
tend phofphorus,  and  which  is  of  all  fhades  to  a  black, 
arifes  from  it's  union  with  more  or  lefs  charcoal,  accord- 
ing to  Prouft,  and  not  from  iron,  as  Nicolas  fuppofed. 

Fourcroy  found  the  fpeci'fic  gravity  of  phofphorus  to 
be  to  water  as  2,0332  to  1,0000.  It's  favour  is  foiric- 
what  fliarp  and  difagreeable,  it  has  a  garlic  fmell,  cryftai- 
ilzes  either  in  the  form  of  needles  or  micaceous  lamins^ 
or  lengthened  o6loedrons,  prefenting  a  great  variety.  It 
is  very  fufceptible  of  heat.  At  25°  of  Reaumur,  it  ii 
foft  and  duftile;  at  32^  it  melts,  runs,  and  is  tranfparent, 
like  a  white  oil ;  on  becoming  cold  by  degrees,  it  cryftal- 
lizes ;  at  7^  it  is  reduced  to  vapours ;  at  86''  it  begins  to 
colleft  in  drops  at  the  mouth  of  the  retort,  which  has 
been  heated  by  v/ater.  Heated  without  water,  in  a  (lone 
retort,  it  boiis  at  230°,  the  drops  following  each  ether 
very  quick  at  the  mouth. 

According  to  Spallanzani,  it  does  not  begin  to  burn  be- 
low 5^  of  Reaumur  in  common  air ;  and  in  pure  oxy- 
gen gas,  it  burns  and  produces  light  only  at  22°. 

The  reafon  of  it's  burning  fooner  in  common  air  than 
in  oxygen  gas,  arifes  from  it's  folution  by  the  azot  of 
the  firft,  which  becomes  Saturated  with  it;  it  then  burns 
in  oxygen  gas ;  hence  in  pure  oxygen  gas  alone,  no 
phofphorous  acid  can  be  obtained. 

Phofphorus  being  thus  procured  in  it's  pure  ftate,  the 
next  objcft  is  to  obtain  the  acid  from  it.  In  the  articles 
urine  and  bones  it  was  obferved,  that  this  acid  mioht  be 
obtained  from  both,  although  the  preference  was  clven  to 
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the  method  of  Scheelc;  but  the  ledioufnefs  ot"  the  ope- 
ration  when   any  great  quantity  of  phofphoric  acid  is 
wanted  for  medical  or  other  purpofes,  and  the  admixture 
Three  mc-    °^  foreign  matters,  and  other  great  obftacles  againd  pro- 
thods  of  ob-  curing  it  in  a  ftate  of  purity,  independent  of  the  expenfe, 

taining  the       ,  ,.  ,  ,  i  -n  r  i 

acid  from     obhge  the  apothecary,  who  wuhcs    to   procure   ieveral 
pho  phorus.  pQ^j^jg  Qf  -J.  jj^  ^  fliort  time,  to  relinquifli  the  attempt 

of  decompofing  bones,  and  to  endeavour  to  oxygenate 
ready-prepared  phofphorus.  For  this  purpofe  there  are 
three  methods,  cither  by  the  combuftion  of  phofphorus, 
it's  gradual  oxygenation  by  expofure  to  the  air,  or  finally, 
it's  treatment  with  nitric  acid. 
Fycombuf-  ift.  The  firft  nrcthod  of  obtaining  this  acid,  /.  e.  by 
the  combuftion  of  phorj)horus  in  a  proper  apparatus,  was 
recommended  by  the  late  Pelktier  and  profeiTor  Tromf- 
dorf,  and  is  a  good  way  of  obtaining  it  in  a  flate  of  con- 
fiderable  purity.  This  mode,  however,  cannot  be  conve- 
niendy  praclifed  by  every  body,  fmce,  according  to  Pel- 
*  letier,  it  requires  a  very  complicated  apparatus ;  befides 
the  combuftion  of  phofphorus  is  ill  adapted  for  the 
fpcedy  preparation  of  large  quantities  of  the  acid,  fo  that, 
upon  the  whole,  it  cannot  be  recommended  as  a  method 
to  be  univ'.'rfally  adopted  by  all. 
sioTw  oxy-  2d.  The  fecond  method,  /.  e,  by  the  (low  fpontaneous 
oxygenation  of  phofphorus,  cods  very  little  trouble,  not 
more  than  that  of  frequently  examining  the  temperature 
of  the  place  in  which  the  phofphorus  is  left  to  liquefy. 
It  is,  however,  ncccfTary,  to  be  cautious  not  to  expofe  too 
large  quantities  of  phofphorus  to  be  oxygenated  at  once, 
nor  to  fuffer  the  pieces  of  phofphorus  to  come  into  con- 
taft  with  each  other;  for,  according  to  Suerfcn,  it  has 
happened  to  him,  more  than  once,  that  having  placed 
about  one  ounce  of  phofphorus  in  a  glsfs  funnel,  in  a 
cellar,  it  took  fire  at  the  temperature  of  50  degrees  of 
J'ahrenhcit.     The  phofphorou.-  acid  thus  obtained  may 
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afterward  be  converted  into  phofphoric  acid  by  diftilla- 
tion,  according  to  the  method  of  Buckholtz.  Though 
phofphoric  acid  may  thus  be  obtained  in  a  very  pure  and 
'concentrated  ilate,  this  method  is,  however,  not  calcu- 
lated to  become  a  general  rule  of  practice,  for  it  requires 
llill  more  time  than  the  lirll  method,  or  the  combuftion 
of  the  phofphorus,  independent  of  the  danger  of  fponta- 
neous  inflammation. 

3d.  The  third  method,  /.  e.  by  the  nitric  acid,  is  By  nitric 
looked  upon  as  preferable  to  the  others,  for  it  not  only  '^'^' 
procures  whatever  quantity  is  wanted,  with  certaintv,  iu 
a  very  fhort  fpace  of  time,  but  without  much  expenfe, 
fcarcely  any  trouble,  and  without  any  hazard  of  lofs. 
This  is  the  method  made  ufe  of  by  Sucrfen,  an  ingenious 
apothecary,  at  Keil,  by  wbich  he  has  been  enabled  to 
procure,  in  the  fpace  of  a  few  hours,  as  large  a  quantity 
of  pure  and  concentrated  phofphoric  acid  as  he  formerlv 
could  fcarcely  prepare  in  a  week,  or  even  a  fortnight,  and 
that  not  without  a  great  deal  of  labour  and  expenfe  •, 
hence  it  mtift  be  of  great  ufe  to  the  pra6lical  chemifl. 

Although  in   the  oxygenation  of  phofphorus  by  the 
nitric  acid,  according  to  profeflbr  Tromfdorf,  caution  is 
neceffary,  yet  it  need  not  be  carried  to  that  extent  which 
he  aflerts.     If,  fur  example,   highly  concentrated  nitric 
acid  be  poured  upon  a  confiderable  quantity  of  phofpho- 
rus, and  this  mixture  be  afterwards  expofed  to  a  violent 
degree  of  heat  in  the  fand  bath,  an  inflammation  of  the 
phofphorus  will  almoft  unavoidably  be  the  confequence, 
as  tlje  action  of  the  large  mafs  of  phofphorus  upon  the 
nitric  acid  being  too  vehement,  a  confiderable  part  of  the 
former  is   impelled   toward  the  furface,   where  coming 
into  contact  with  the  atmofpherical  air,  an  inflamirution. 
is  produced  with  fuch  an  extrication  of  heat  and  air,  a.-> 
violentlv  to  break  in-pieces  the  veflels  in  which  the  diftil- 
lation  is  performed.     The  fame  circunidance  v.  ill   hk-i- 


^  ACIOS. 

«'ife  happen,  if,  according  to  the  dife<£tions  of  Hermb- 
ftadt,  4  ounces  of  fuming  nitrous  acid  diluted  with  18 
ounces  of  water,  be  poured  upon  1  ounce  of  phofpho- 
rus  in  a  retort,  and  the  mixture  be  diflilled  in  a  fand  bath. 
In  this  cafe,  at  firft,  no  action  of  the  phofphorus  upon 
the  acid  is  perceptible ;  but  in  the  progrefs  of  the  diftil- 
lation,  as  the  nitrous  acid  becomes  more  and  more  con- 
centrated, it's  a6lion  is  fo  inftantaneous  as  to  impel  the 
■phofphorus  with  violence  to  the  furface,  where  it  imm.cdi- 
diately  takes  fire,  and  the  lofs  of  the  retort  with  all  it's 
contents  is  the  confequence. 

As,  therefore,  it  is  extremely  difficult  to  obtain  phos- 
phoric acid  in  this  manner,  and  in  general,  to  perform 
the  operation  by  means  of  thf  fand  bath,  the  beft  is  to 
follow  Lavoifier's  method,  viz.  to  pour  the  nitrous  acid 
into  a  tubulated  retort,  and  gradually  to  introduce  the 
phofphorus  by  fingle  drops  at  a  time.  Bv  following  this 
method,  with  fome  variation,  a  confiderablc  quantity  of 
phofphoric  acid  mav  be  prepared  with  the  utmofl  fecu- 
rity,  and  with  very  little  expenfe  of  time ;  the  procefa 
may  be  even  carried  on  in  the  intervals  of  the  time  em- 
ployed upon  other  operations. 
Mcitiodof        Suerfen,   after  having  procured   fome  pounds  of  con- 
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centrated  nitric  acid,  tree  from  all  admixture  ot  (ulphu- 
ric  by  drawing  off,  feparately,  the  acid  which  paffes  over 
in  the  middle  of  the  operation,  dilutes  fevttral  ounces  of 
this  acid  with  an  equal  quantity  of  diflilled  water.  This 
diluted  acid  is  then  poured  into  feveral  fmall  glafs  re- 
ceivers, an  ounce  into  each,  which  are  placed  upon  a 
frame  made  of  iron  wire.  Half  an  ounce  of  phofpho- 
rus is  now  introduced  into  each  of  thcfe  receivers,  which 
are  gradually  heated  by  the  flame  of  a  fmall  lamp,  till  a 
fiifiicieiit  aftion  of  the  phofphorus  upon  the  nitrous  acid 
is  perceived  ;  a  confiderablc  evolution  of  nitrous  gas  im- 
mediately takes  place,  which,  however,  is  not  fo  violent,   ; 
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as  to  impel  ttie  phofphorus  to  the  furface  of  the  liquid, 
if,  in  anv  of  the  receivers,  the  foUition  of  the  phofpho- 
rus  does  not  feem.to  go  on  as  it  ought,  they  are  heated 
by  applying  the  lamp  to  them,  and  after  fome  time,  if 
there  is  reafon  to  apprehend  that  too  great  a  degree  of 
heat  may  be  produced,  the  lamp  is  intirely  removed. 
Should  the  a6lion  in  the  receivers  become  very  violent, 
and  luminous  vapours  difengage  themfelves,  it  may  be 
immediately  allayed  by  the  addition  of  a  fmall  quantity 
of  diftilled  water.  Thus  the  phofphorus  muft  be  intro- 
duced into  the  acid  by  fmall  quantities  at  a  time,  alter- 
nately heating  the  receivers  with  the  lamp,  till  the  reci- 
procal aftion  of  the  acid  and  the  phofphorus  becomes 
languid,  when  a  frefli  quantity  of  concentrated  nitric 
acid  is  again  added.  This  alternate  introduclion  of  the 
phofphorus,  the  nitiic  acid,  and  the  diililled  water,  with 
the  application  of  the  lamps,  whenever  it  is  required, 
arc  continued  till  the  whole  quantity  of  the  phofphorus 
to  be  oxvgenated  is  expended.  For  the  complete  oxyge- 
nation of  an  ounce  of  phofphorus,  four  ounces  of  fum- 
ing nitrous  acid  of  1,508  I'p.  gr.  arc  generally  re- 
quired, in  a  temperature  of  6l'*  of  Fahrenheit,  and  a 
fpace  of  four  hours.  In  fix  fmall  receivers,  and  v*ith 
one  lamp,  12  ounces  of  phofphorus  may  be  very  conve- 
niently oxygenated  in  one  day,  reckoning  eight  hours  tO' 
the  operation.  This  phofphoric  acid,  whicli  is  of  a  di- 
lute quality,  and  mixed  with  a  fmall  quantity  of  muriatic 
and  nitric  acids,  is  now  fubje6led  to  diftilLtion  upon  the 
fand  bath,  iu  which,  at  firft,  muriatic  acid  gas,  then  ni- 
trous acid,  and  nitrous  gas,  and  afterwards  an  infipid  wa- 
ter pafs  over.  If  the  diftillation  be  now  continued 
with  an  increafe  of  heat,  an  acidulous  fluid  pafTes  over, 
while  pungent  vapours  are  extricated.  Thefe  vapours 
have  an  odour  precifely  fimilar  to  that  of  the  phofphoricj 
acid  when  paffing  into  a  ftatc  of  volatilization. 
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The  acid  which  pafTes  over  at  the  beginning  of  the 
diftillation  produces  no  cloud  when  mixed  with  lime 
water;  that,  on  the  contrary,  which  is  given  out  at  the 
end  of  the  operation,  precipitates  from  it  a  very  copious 
fcdiment;  a  proof  of  the  acid  laft  extricated  being  of  a 
phofphoric  nature  ;  and  it  appears  to  Sucrfen  as  well  as  to 
profcfsor  Scherer,  that  by  a  very  great  increafe  of  tem- 
perature, a  partial  decompofition  of  the  phofphoric  acid 
is  effefted.  The  whole  procefs  being  now  completed, 
the  produft  is  a  colourlefs  phofphoric  acid,  of  the  con- 
fiflcnce  of  a  thick  firup,  the  fpccific  gravity  of  which, 
at  the  abovementioned  temperature,  is  2,0  :  and  from  one 
ounce  of  phofphorus  2  ounces  and  half  of  concen- 
trated acid  are  obtained,  folublc  in  water  with  an  ex- 
trication of  heat,  pofl'effing  all  the  properties  of  pure 
phofphoric  acid.  Such  is  the  procefs  made  ufe  of  by 
Suerfen. 
DiviflO)!  in-      The  ficid  of  phofphorus^  according  to  the  degree  of  oxy- 
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genalion  it  has  undergone,  may  be  divideu  mto  the 
phofphoric  and  phofphorus  acids.  The  firft,  or  pho/pho- 
ricj  according  to  the  definition  of  Fourcrov,  is  a  thick 
liquid  conipofed  of  phofphorous  and  oxygen,  united  by 
rapid  and  complele  combuftion,  or  by  any  other  means; 
fip  it  is  folid,  vitrifiable  by  the  fire,  dilfolving  filex  in  it's 
vitrification,  and  decompofable  by  carbon,  which  recalls 
it  to  a  ftate  of  phofphorus  again;  it  decompofes  the  ni- 
trous aciil,  and  becomes  oxygenated  to  excefs  by  taking 
a  part  of  it's  oxygen.  This  oxygenated  phofphoric 
acid  is  dccompofcd  by  the  flame  of  a  candle,  producing 
a  very  ftrong  detonation ;  the  moment  it's  oxygen  is 
raifed  to  a  gafeous  ftate,  it  forms  phofphats,  with  earths, 
alkalis,  and  metallic  oxvds.  The  fecond,  ox  phofphoroi'Sf 
differs  from  the  phofphoric  acid  only  by  having  lefs 
cxygen  in  union  with  it;  it  is    very  volatiic, - cdorcus. 
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taking  and  giving  oxygen  to  many  bodies,  and  forming 
phofphats  with  earthy,  alkahne,  and  metallic  bafes. 

ift.  The ph^fphoric  acid  is  a  thick  liquid,  nearly  vifcoii?, 
forming  ftriae,  like  certain  oils,  on  the  fides  of  the  glafs 
in  which  it  is  fliaken  ;  it  is  perfectly  inodorous,  very  four, 
but  not  cauftic  to  the  tafte,  never  burning  anv  organic 
fubftancc  j  it's  fpecific  gravity  is  more  than  twice  that  of 
water  ;  it  reddens  the  blue  colours  of  vegetables,  is  per-  Pijofphoric 
fe6tly  incombuftible,  and  enjoys,  in  a  high  degree,  that 
property  of  attrafting  and  of  being  ftrongly  attrafted, 
which  the  genius   of  Newton   has  attributed    ta   acids,  it's  proper- 
Expofed  to  heat,  it  becomes  thick,  concentrated,  denfe,  "^'• 
•nd  lofes  it's  water,  which  evaporates,  taking  at  the  fame 
time  a  very  weak  part  of  the  acid  along  with  it.     It  is 
thus  brought  to  the  flate  of  tranfparent  jelly,  preferving 
this  form  in  a  well  corked  velTe!,  but  in  the  air   becorn,- 
ing  liquid  again.     If  it  be  f^ill  expofed  to  heat  until- red 
hot,  it  melts,  fwells,   is    filled  with   blebs,   and  at  lad  it 
remains  in  tranquil  fufion.     Before  the  blowpipe,  upon 
a  platina  fpoon,  or  in  the  hole  of  a  piece  of  charcoal,  it 
is  lik^wife  made  t»  take  the  furm  of  a  very  tranfparent 
vitreous   globule,  refembling   the  moft   beautiful    water 
cryftal.     In  this  ftate  of  glafs,  the  phofphoric  acid  imi- 
tates,  in  brilliancy,  the  precious  {tones,  but  it  is  always 
acid,  deliquefcent  in  the  air,  and  fuluble. 

The  phofphoric  acid,  if  it  be  immediately  produced  in  a  liquid 
by  dry  combuftion  in  oxygen  gas,  attaches  itfclf  to  the  yuj  ^^^qs. 
fides  of  the  glafs  bells'in  which  the  heat  has  fublimcd  it 
before  inflammation,  in  the  form  of  very  acrid,  white, 
brilliant,  cryftallized  fcales;  but  it  foon  lofes  this  form, 
and  becomes  liquid  by  c-ntacl  of  the  leaft  humidity, 
even  of  the  air.  It  is  necelTary  to  obferve,  tliat  con- 
crete and  lamellated  phofphoric  acid  immediately  melts 
into  glafs  the  moment  it  becomes  red  hot,  without  fwel- 
ling,  or  emitting  blebs,  becaufe  it  has  no  water  to  lofe, 
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or  at  IcaRj  very  little  previous  to  it's  taking  the  vitreous 
form. 

This  lingular  vitreous  ftatc,   of  which  the  phofphoric 
acid  is  fufceptiblc,    in  no  manner  changes  it's  nature, 
or  the  proportion  of  it's  principles  ;  it  is  a  proof  of  it's 
great  fixity,  and  if  it  is  ftrange  that  it  contains  a  fub- 
ftance  fo  volatile  as  phofphorus,  it  muft  be  rccolledled, 
what  a  folidity  the  oxvgen  has  acquired  by  lofing  fuch  an 
enormous  quantity  of  caloric.     As  to  the  reft,  the  vi- 
treous phofphoric  acid  is  only  obtained  very  pure,  when 
it  is  the  produd  of  phofphorus  burned  by  oxygen,  and 
when  melted  in  a  crucible  of  platina;   when  extra6ted 
from  it's  union  with  fome  bodv,  it  often  retains  a  little 
earthy,  alkaline,  or  even  metalUc  bafis,  with  which  it  was 
joined.     When  melted  in  earthen,  glafs,  or  metallic  vef- 
jels,  it  difTolves  a  part  of  them,  affording  on  fufion  opake, 
coloured  glaffes,  that  are  infipid,  infoluble,  do  not  deli- 
quefce  in  the  air,  are  odorous  and  luminous  on  being 
rubbed  in  the  dark.     When  a  very  pure  phofphoric  glafs 
is  diffolved  in  water,  it  does  not  differ  in  the  leaft  from 
the  liquid  phofphoric  acid  of  which  it  is   made.     The 
glafs  once  made,  is  fufcd   without  motion  or  vapour; 
when  red  hot,  it  is  even  fo  fuliblc  as  to  ferve  as  a  flux  for 
many  other  bodies. 
It'jaiftion        Light  has  no  aftion  upon  phofphoric  acid,  which  re- 
bodiLr'^"'  drafts  it  pretty  ftrongly.     It  has  not,  in  it's  different 
ftates,  any  attraction  for  oxygen  with  which  it  is  entirely 
faturated,  nor  any  aftion  on  oxygbn  gas.     Expofed  to  the 
air,  it  only  attradls  it's  humidity ;  which  the  dry  and  con- 
crete takes  from  the  air  with  great  rapidity  and  force  ;  the 
thick   liquid  or  gelatinous  acid  attracts  it  more  flowly, 
but  abforbs  nearly  half  it's  weight;  the   vitreous  onjy 
becomes  humid  after  a  long  time,  and  when  it's  exterior 
ftratum  is  liiick  and  gelatinous,  it  defends  the  interior  fo 
as  to  preferve  it's  furm  a  long  time,  and  only  takes  the 
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liquid  ftate  with  great  difficulty.  ■  It  undergoes  no  change 
from  izot,  or  it's  gas,  or  from  hydrogen,  or  it's  gas. 
Carbon  has  likewife  no  efFecl  upon  it  in  the  cold ;  but  in 
the  heat,  when  the  charcoal  is  red  hot  and  touches  the 
acid  in  it's  dry  or  vitreous  ftate,  the  order  of  attraction 
changes,  the  carbon  deprives  the  phofphorus  of  it';; 
oxygen,  which  is  volatilized,  whilfl  the  newly  formed 
carbonic  acid  is  difengaged. 

Such  is  the  theory  of  the  procefs  by  which  phofpho- 

rus  is  obtained  on  difliiling  the  dry  phofphoric  acid  with 

charcoal.     The  decompofition  of  this  acid  by  carbon, 

agrees  with  it's  formation  in  proving  it  to  be  campofcd 

of  0,39  of  phofphorus,  and  of  0,6 1   of  oxygen.     Phof- 

phorus  cannot  be  combined  with  this  acid  dire6lly,  either 

in  the  cold  or  by  heat;  yet  this  acid  feems  to  unite  with 

a  greater  quantity  of  phofphorus,  in  order  to   become 

phofphorous  acid;  but  this   is  only  by  uniiing  a  little 

oxygen  to  the  phofphorus  at  the  moment  of  it's  burning, 

and  not  by  adding  immediately  more  phofphorus  to  the 

phofphoric  acid.     Sulphur  has  no  a6lion  upon  it,  nor  is 

the  diamond  afTeded  by  this  acid  when  melted  and  kept 

a  long  time  at  a  red  heat.     This  acid  forms  no  union 

with  carbonic  acid,  or  it's  gas;  it,  however,  difunites  it 

from  moft  of  it's  combinations;  thus  it  feparates  it  from 

water,    producing  an  effervefcence  in  acidulous  water?, 

natural  or  artificial.     Water  has  a  great  attraftion  for 

this  acid ;  when  in  dry  white  flakes,  it  diflblves  in  a  fmall 

quantity  of  this  fluid,  producing  a  noife  like  that  from  a 

red  hot  iron  plunged  into  water,   and  difengages  a  oreat 

deal  of  heat.     The  vitreous  acid   is  longer  in  diflfolvinff, 

but  the  liquid  concentrated  phofphoric  acid  unites  with  it 

almoft  without  heat,  and  flowly.     Thefe  two  bodies  may 

be  united  in  all  proportions.     The  acid  lofes  more  of  it's 

favour,  denfity,  weight,   and  ftrength,   in  proportion  to 

the  quantity  of  water  added.     The  water  i?  only  fena- 
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rated   from   this  comlMnalion  by  mrans  of  h^at;  it  Is 
much  more  volatile  than  the  acid^  which  is  concentrated 
in  proportion  to  it's  difengagremcnt,  in  the  form  of  va- 
pour.    The  acid,  during  the  evaporation,  pafles  fuccef- 
ftvely   throHgh  the   ftatus  of  thick  liquid,  vifcous   fluid 
ibmcwhat  gelatinous,  and  glafs. 
Earthy  and       The  phofplioric  acid  forms  with  alkalis  and  earths  falts, 
ai  aline       the  ffcncric  characters  of  which  are,  to  afiord  no  phof* 
phorus  when  heated  with  carbon,  but  be  fufible  into  opake 
or  tranfparent  glaffes  ;  they  are  phofphorefcent  at  a  high 
temperature,  are  foUiblc  in  the  nitric  acid  without  effer- 
vcfcencc,  are  precipitated  from  this  folutian  W  lime  wa- 
ter, and  are  called  phofphats.     The  phofphat  of  potafli  is 
not  cryTtallizable,  but  deliquefces,  and  affords,  with  lime- 
water,  a  precipitate  folublc  in  acids,  without  effervefcence. 
Phofphat  of  foda  is  very  cry fialliz able,  efflorefces,  is  very 
fuiible  before  the  blowpipe,  affording  an  opake  glafs  on 
cooling,  giving  the  fame  precipitate  as  the  preceding  by 
limewater,  ea(ily  taking   an.  cxcefs  of  foda;    it  is  purga- 
tive. Phofphat  of  ammonia  is  cryftallizable,  decompofcd 
by  heaty  which  melts  it  into  a  tranfparent  acid  glafs  ; 
it  afforxls  phofphorus    with  carbon.     Phofphat  of  foda 
and  ammonia  ;  this  cxifts  in  animal  fluids,   is  very  cr\  f- 
tallizable,  affording  by  lime  an  infolublc  ptecipitatc  and 
a^i  anin)oniacal  vapour  at  the  fame  time.     Phofphat  of 
maenefia  is  cryftallizablc,  has  a  fweetifli  tafle,  very  little 
foluble,   uniting,  ahhovigh    verv  neutral  and    faturated, 
to  ammonia,  into  a  fort  of  triple  fait ;  it  exifls  in  human 
urine.     P.   ammoniaco-magnefian  is  very  little  foluble, 
without  favour,  often  depofiltd  in  human  vefical  calculi, 
in  the  form  of  white  fpathic  ftraia,   affording  an  ammo- 
niacal  vapour,  and  n^iagncfia,  by  the  conta6l  of  cauftic 
alkalis.     P.  of  gluccn  is  fwecliihto  the  tafte,  and  affords, 
by  means  of  lime,  a  precipitate  folublc  in  carbouat  of 
ammonia.  .  P.  of  alumin  is  of  a  thick  and  gclatijious 
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confiftencej  and  yields  a  precipitate  to  all  the  baft;s,  which 
is  redilfolved  by  cauftic  alkalis.  P.  of  filex  is  in  a  vitreous 
ftate  rerembling  a  gum,  is  infipid  and  infolublc,  only  be- 
coming foluble  in  add  after  having  ,been  melted  in  four 
times  it's  weight  of  alkali.  P.  of  lime  is  infoluble  and 
infipid,  forming  a  kind  of  porcelain  when  expofed  to  a 
great  heat,  exifting,  in  it's  natural  ftate,  in  the  form  qi 
flpnes,  and  fometimes  cryftallized  ;  it  is  infokible  in  phof- 
phoric  acid,  and  paffes  to  the  ftate  of  acidule  by  the 
other  acids.  Acidulous  P.  of  lime  is  four  to  thie  tafle, 
is  in  -the  form  of  fcales  refembling  mother  of  pearl,  ia 
inroluble,  ^ajid  ,not  to  be  decompofed  by  acids.  P.  of 
firontian  is  infoluble,  it  reddens  the  flame  of  the  blow- 
pipe, and  is  decompofed  by  lime  and  barytes,.  ,Th^  com- 
poijent parts  of  the  phofpliats  are  as  follow,:  r.-„,  ;  ^.'.. 
Phofphat  of  firontian    —    Phofphoric  acid     -      41.2 


of  lime       — 

Strontian 
p.  a. 

■  "j 

■}hI'. 

,  58,7 
,41. 

Lime 

- 

- 

59. 

acid  of  lime      — 

p.  a.       - 

- 

- 

54. 

Lime 

- 

- 

4a. 

of  foda  and  ammon. 

p.  a.       - 

- 

- 

32. 

Soda 

- 

34. 

Ammonia 

- 

- 

IQ. 

Water     - 

- 

- 

23. 

No  metal  can  unite  with  the  phofphoric  acid  in  it's  \fetais  and 
metallic  ftate;  the  acid  undergoes  no  change  with  metals  ^J^^l^f 
at  any  temperature.  Several  of  them,  however,  acquire, 
by  the  addition  of  this  acid,  the  property  of  decytVipolinf; 
water,  and  of  difengaging  the  hydrooen  from  it  in  the 
form  of  gas,  abforbing  it's  oxygen,  Ozi  heating  the 
moft  corabuftible  metala  with  the  vitreous  phofphoric 
acid,  although  none  of  them  has  really  more  attra6lion 
for  the  oxygen  than  phofphorus  had,  there  is,  however, 
by  means  of  a  double  attra«5tion,  a  formation  of  oxyd 
II  3 
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and  metallic  phofphoriis.  To  obtain  thi^  kind  of  com- 
pofition,  three  parts  of  metal,  with  one  of  concrete  phof- 
phoric  acid,  are  to  be  ftrongly  heated  in  a  crucible  ;  this 
laft  difappears  entirely,  and  inflead,  the  metal  is  found  in 
part  oxydated,  and  in  part  combined  with  phofphorus ;  for 
the  quantity  of  metal  being  greater  than  what  is  necefTary 
to  abforb  all  the  oxygen  coiitaincd  in  the  acid  ;  a  part  of 
this  metal  a6ls  on  the  oxygen  of  the  acid,  whilfl:  the 
other  a<5ls  on  the  phofphorus ;  and  hence  an  oxyd  and  a 
metallic  phofphorus  arife.  The  phofphoric  acid  com- 
bines eafify  with  mod  metallic  oxyds,  with  which  it 
,  forms  falts  fufible  in  the  fire,  very  little  foluble  invvater, 
but  foluble  in  the  phofphoric  acid,  fome  of  which  are 
cryflallizable  on  cooling,  after  fufion.  The  greater  part 
heated  with  charcoal  afford  phofphorus  or  metallic  phof- 
phures. 

Silver.  The  phofplioric  acid  precipitates  filvcr  from  it's  nitric 

folotion,  and  unites'  with  the  oxyd,  lorming  the  phofphat 
of  filver,  "This  is  thick,  heavy,  and  of  a  white  colour, 
melts  by  a  great  heat  into  a  grecnifli  or  olive-coloured 
enarnel,  according  as  it  is  more  or  lefs  heated.  This 
phofphat  is  infoluble  in  water,  but  diffolves  in  an  cxcefs 
of  phofphoric  acid.  Treated  witli  charcoal  in  a  retort,  it 
affbi"ds  a  little  phofphorus,  and  is  in  great  part  reduced  to 
a  phofphure  of  filvcr,  containing  from  0,1.5  to  0,20  of 
phofphorus. 

Copper.  This  acid  is  not  dccompofcd  by  copper,  but  on  remain- 

ing fome  time  upon  this  metal,  it  aflifts  it's  oxydation 
either  by  the  water  or  air,  and  forms  phofphat  of  copper, 
which  is  very  little  foluble.  It  is  immediately  obtained 
by  pouring  folutions  of  alkaline  phofphats  into  moft  of 
the  mineral  falts  of  copper;  a  double  dccompofitipn  takes 
place  ;  the  phofphoric  acid  unites  with  the  oxyd  of  cop- 
per, and  forms  a  precipitate  of  grecnilh  coppery  phofphat, 
nearly  infoluble.     It's  properties  have  not  been  exaniiri- 
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cdj  heated  however  with  charcoal  in  a  crucible^  it  affords 
a  brilliant  grey  phofphure  of  copper. 

If  acid  combines  very  (lowly  with  iron,  it  however  at  iron. 
faftoxydates  it,  and  forms  a  phofphat  of  iron,  which  is  an 
infoluble  fait.  It  may  be  prepared  by  pouring  folutions 
of  alkaline  phofphats  into  thofe  of  fulphat,  nitrat,  or 
muriat  of  iron,  when  a  double  exchange  takes  place.  The 
precipitate  or  phofphat  is  white.  It  is  eafily  reduced  by 
red  hot  charcoal  into  a  metallic  phofphure.  As  urine  is 
found  to  a6l  upon  iron,  this  metal  ought  not  to  be  expof- 
ed  to  places  where  this  fluid  is  conftantly  met  with,  as 
the  phofphoric  acid  it  contains  corrodes  it. 

It  only  attacks  lead  very  flowly,  and  converts  it  by  de-  Lead. 
grees  into  an  infoluble  white  phofphat.  Alkaline  phof- 
phats  likewife  on  being  mixed  with  nitrat  of  lead,  or  with 
the  muriat  by  heat,  form  it.  This  phofphat  of  lead,  which 
appears  to  become  foluble  by  excefs  of  phofphoric  acid, 
and  even  by  other  acids,  is  fufible  in  the  fire,  and  on 
cooling  forms  regular  polyedrons.  It  is  decompofed  by 
red  hot  charcoal,  which  converts  it  into  phofphorus  and 
lead,  whilft  itfelf  becomes  carbonic  acid.     The  fulphuric,  '      > 

nitric,  and  muriatic  acids  decompofe  it  in  the  moift  way, 
by  which  the  acid  is  feparated ;  alkaline  carbonats  alfo 
decompofe  it. 

It  has  fcarcely  any  a6lion  upon  tin  in  a  liquid  form,  Tin, 
and  in  the  cold.  Soluble  phofphats  poured  into  muriat 
of  tin  afford  a  precipitate  of  phofphat  of  tin.  Vitreous 
phofphoric  acid,  treated  with  half  it's  weight  of  tin,  is 
decompofed  ;  on  one  fide,  vitrified  phofphat  of  tin  is 
formed  ;  on  the  other,  phofphure  of  tin.  Pelletier  firft 
made  this  known. 

This  acid  diluted  forms  with  zinc  a  phofphat  in  the  Zinc, 
form  of  a  white  powder;  hydrogen  gas  is  difengaged  from 
the  water.     It  is   alfo  obtained  as  a  white  precipitate,, 
when  the  phofphats  of  potafh,  foda,  or  a;uQiQnia  are 
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added  to  a  fnliitlon  of  the  fulpbat,  nitral,  or  miiriat  of 
zinc.  This  metal  ftrongly  htatcxi  with  vitreous  phof- 
phoric  acid,  reduces  a  portion  of  it  to  phofphorus,  and 
forms  with  it  a  phufpliure  of  zinc. 

Quirkfilver.  This  acid,  although  it  has  no  cffccl  on  quickfilver,  unites 
to  it's  oxyd.  This  union  however  is  not  well  accom- 
pliflied  but  by  precipitating  nitrat  of  mercury  by  a  folu- 
tion  of  the  alkaline  phofphat,  when  an  infoluble  white 
precipitate  of  mercurial  phofphat  h  formed^.  Moft  ani- 
mal fluids  afford  this  fait  mixed  with  mild  muriat  of  mer- 
'  cury,  by  means  of  nitrat  of  mercury.  This  phofphat  is 
luminous  and  phofphorefcent  when  rubbed  in  the  dark  j 
expofed  to  heat,  efpecially  with  a  little  charcoaJ,  phof- 
hporus  is  produced, 

Manganefe.  Jt  j^es  not  atil  on  manganefo,  and  only  difTolves  it's 
oxydsvvith  diflficulty;  the  phofphat  of  manganefe  is  ob- 
tained by  pouring  a  folution  of  alkaline  phofphat  into  that 
of  nitrat  or  muriat  of  manganefe. 

Nickel.  jj.  has  only  a  weak  attraftion  for  the  oxyd  of  nickel ; 

the  folution  is  fcarcdy  greenifh,  and  affords  no  cryflals. 

Cobalt.  It  diffolvcs  the  oxyd  af  cobalt,  and  forms  a  reddifli  li- 

quor which  becomes  turbid,  and  is  dcpofucd  when  the 
acid  is  faturated. 

Uran.  United  to  the  oxvd  of  uran,  it  forms  flakes  of  a  yellow- 

ifli  white  colour,  very  little  foluble  in  water. 

Titan  It  precipitates  the  oxyd  of  titan  from  acids,  in  the  form 

of  a  white  powder. 

Such  is  the  accoimt  that  Fourcroy  givea  of  the  a6lion 
of  this  acid  upon  faline  bodies  and  metallic  fubftancc?, 
by  which  it  appears  how  weakly  it  afiects  metals,  on  ac- 
count of  the  flrong  adherence  of  their  principles.  By 
expofing  them  however  to  a  crcat  heat,  towards  the  end 
of  the  procefs,  phofphorated  hvdrogenous  gas  is  extricat- 
ed. Metallic  phofphats  are  heavy  and  dccompofable  by 
feveral  acids.     If  the  vitreous  acid  be  ftronclv  heated  with 
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metals,  the  laft  by  depriving,  it  of  a  pottion  of  it's  oxy- 
gen form  two  combinations  at  the  fame  time,  viz.  phof- 
phats  and  metallic  phofphures. 

Some  of  the  earthy  and  alkaline  phofphats  exift  in  Fropmie* 
abundance  in  foffils,  a  greater  number  in  animal  fluids,  andaikaiin« 
feveral  in  vegetable  matters,  but  the  greatefl  quantity  is  ?'°^^'*' 
the  creation  of  art  alone.  Some  of  them  were  known  to- 
wards the  uiifldle  of  the  16th  century,  for  before  this 
time  they  had  been  confounded  with  muriats.  They  are 
formed  by  the  phofphoric  acid,  and  are  kept  in  clofe  bot-i 
ties.  They  are  in  general  cryftallizable,  their  favour  often 
faline,  mild  and  freih,  very  much  like  murials,  and  feve- 
ral chemifts  regard  them  as  the  heavieft  of  falts.  Light 
has  no  ailion  upon  them  ;  all  are  fixed  in  the  fire,  eafily 
fwfed  tq  a  glafs,  fometimes  tranfparent,  fometimes  opake; 
moft  €mit  onperfe6l  fufion,  or  even  before  any  fufion,  a. 
light,  a  fplendour  or  phofphoric  flame,  particularly  be- 
fore the  blow  pipe  upon  charcoal,  although  in  general 
this  charafter  is  weak;  by  this  means,  the  greater  num- 
ber only  lofe  their  water  during;  fufion  and  preferve  their 
faline  nature.  Oxygen  or  azot  has  no  effeft  upon  them, 
hence  whatever  arifes  from  the  conta£l  of  the  air  is 
from  the  water.  Some  undergo  no  change  in  it,  others 
efflorefce  and  lofe  their  cryflalline  form,  whilft  others  at- 
traft  a  flight  humidity.  Although  the  phofphoric  acid 
is  decompofcd  by  hydrogen  and  carbon  lieated,  or  red 
hot,  and  gives  up  it's  oxygen,  converting  them  into  wa- 
ter and  carbonic  acid,  yet  thefe  two  fubftances  have  no 
efie6t  upon  phofphats  at  any  temperature  ;  the  only  ex- 
ception is  perhaps  the  phofphat  of  ammonia,  and  this  is 
only  apparent,  for  it  has  lofl:  it's  ammonia  v^hen  this  takes 
place.  Phofphorus,  fulphur,  and  the  metals  have  no 
effecl:  upon  phofphats,  and  if  metals  are  in  fome  degree 
changed  by  thefe  falts,  it  is  to  be  attributed  to  their  wa- 
ter of  cry  ftallization,  or  folution.     Thefe  phofphats  are 
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cither  very  foluble  or  almoft  entirely  infoluhlo,  mof!  of 
the  firft  are  fo,  more  from  the  beat,  and  cryftallize  on 
coolincr ;  the  fccond  arc  always  in  powder,  although  na- 
ture  lomctimcs  prefents  them    cryftallized  ;  hence    the 
fecret  of  their  folution.     All  metallic  oxyds  combine  with 
phofphats  by  heat,  and  produce  coloured  vitrified  com- 
pounds of  different  colours,  ufcd  in  the  arts;   thefe  are 
produced  either  before  the  blowpipe  or  in   a  crucible. 
Some  acids  have  a  remarkable  effeft  upon  them  ;  the 
fulphuric  decompofes  the  greateft  number,  and  only  a 
part  of  thofe  capable  of  being  acidules ;  the  phofphoric 
unites  with  fome,  and  converts  them  into  acidulous  phof- 
phats ;  the  nitric  decompofes  nearly  all,  and  the  folution, 
always  acid,  contains  nitrats  and  phofphoric  acid,  or  ni- 
trats  and  acidulous  phofphat  with  refpe£l  to  thofe  it  only 
decompofes  in  part ;  the  fame  with  the  muriatic ;  the  ful- 
phurous,  nitrous,  phofphorous,  fluoric,  boracic^  and  car- 
bonic have  no  effe6l.     It  is  by  their  decompofition,  by  the 
fvdphuric,  nitric,  or  muriatic  acids,  that  their  exa61:  ana- 
lyfis  and  proportion  of  their  parts   is  known  ;   for  as  the 
phofphoric  acid  is  eafily  known  when  feparated,  the  kind 
of  fait  is  eafily  difcovercd.     Earths  capable  of  vitrification 
eafily  unite  with  thofe  falts  by  fufion  into  various  kinds 
of  glafs,  or  enamels  more  or  lefs  opake,  by  forming  triple 
.combinations;    other   bafes   are  diflerently  affefted   by 
phofphats,  according  to  the  nature  and  peculiar  attrac- 
tions they  have  to  the  phofphoric  acid.    Such  is  the  ac- 
count of  this  acid  and  it's  effedls  on  bodies  as  given  by 
Fourcroy. 
fheiiiiof-        On  examining  authors  who  have  publifhed  their  cx- 
uftTprevi-  perimcnts  on  the  different  combinations  of  the  phofpho- 
OU5  to  the    rj(.  acid  with  other  fubftances,  it  is  often  difficult  to  know 

diftinclion 

between      whether  they  are  fpeaking  of  phofphats  or  phofphites,  as 
andphof-"^   they  have  rarely  explained  what  kind  of  acid  they  made 

phorous      yfg  Qf  ajj(]  t^jj^j  manner  how  obtained  it ;  from  this  arifes 
acids.  ^  ^ 
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the  diflferent  refults  chemifts  have  met  with  in  their  ek- 
periments.  On  clefcribing  therefore  the  aclion  of  this 
acid  on  other  bodies,  and  in  giving  an  account  of  it's 
hiftory,  that  i?*./^/  of  phofphoru;  is  fuppofed  to  have  been 
lifed  that  was  employed  before  any  diftin6lion  was  made 
between  the  pliofphoric  and  phofphorous  acids,  or  at  leaft 
before  it  was  attended  to  by  the  generahty  of  chemifls. 

We  are  informed,  that  when  this  acid  is  melted  with 
gold  leaf  a  purple  fcoria  is  produced,  it  changes  red  pre- 
cipitate to  yellow  and  white,  and  by  long  digeftion  to 
black;  it  completely  diflblves  white  arfenic,  but  not  the 
reoulu?.  It  diflblves  zinc  perfe6lly ;  theiolution  exhales  a 
fetid  fmell,  but  yields  no  cryftals  on  evaporation  3  a  gummy- 
mars  remains,  which,  on  fufion,  becomes  a  tranfparent 
glafs.  It  diflblves  the  regulus  of  antimony,  and  more 
V6adlly  it's  precipitate  by  fixed  alkali,  and  the  combina- 
tions with  this  metallic  fubftance  are  alfo  eafily  vitrefci* 
ble  by  heat.  It  attacks  bifmuth  and  it's  calx.  With 
regulus  of  manginefe  it  forms  a  red  folution,  and  the 
fame  with  it's  calx,  which  however  becomes  white  on  ex-> 
pofure  to  the  air.  When  this  acid  is  treated  with  me- 
tallic fubftances  in  the  dryvoay^  it's  aftion  is  more  power- 
ful, and  with  tin,  lead,  and  efpecially  iron  and  zinc,  it 
forms  phofphorus.  With  refpc6l  to  it's  effects  on  me- 
tallic folutions,  it  precipitates  gold  from  it's  folution  in 
it's  metallic  ftate,  and  fllver  likewife.  A  folution  of  mer- 
cury yields  a  copious  white  precipitate,  which,  according 
to  Margraaf,  rediflblves  on  ftanding.  With  iron,  the 
phofphoric  acid,  after  having  eafily  diflblved  it,  forms, 
when  in  a  large  proportion,  a  cryftallizable  fait  j  and  with 
a  lefs  proportion,'  a  compound  infoluble  in  water,  but  fo- 
luble  in  acids ;  the  folution  is  accompanied  wltli  eff*er- 
vefcenc.e  and  difengagement  of  hydrogen  gas.  When  the 
folution  of  iron  in  this  acid  is  diluted  confiderably  with 
water,  ^ven  although  the  acid  abounds,  a  precipitate  falls 
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either  imniediatJy,  or  after  fome  expofure  to  tlie  air. 
This  precipitate  is  of  a  bkicifli  colour,  is  infoKible  in  wa- 
ter, but  is  changed  by  it  .to  a  green.  This  folution  of  iron 
when  precipitated  by  a  fixed  alkali  gives  a  white  powder, 
which  afterward  becomes  green  ;  by  the  pruflian  alkali, 
a  blue  powder ;  and  by  infufion  of  galls  a  black  fedinient. 
Thefe  precipitates  arc  not  mere  calces  of  iron,  but  contain 
feme  portion  of  the  acid  ;  particularly  the  powder  that 
is  depofited  merely  by  dilution  with  water,  or  by  expofure 
to  the  air,  is  a  pcrfetlcompound  of  phofphoric  acid  and 
iron.'  According  to  Weftrumb  it  has  a  ilronger  affinity 
to  zinc  than  to  any  other  metallic  fubftanee. 

The  plu)fphoric  acid  has  when  concentrated  a  ftrong; 
fiction  on  oils;  it  at  firft  difcclours, them,  and  at  length 
l;>Iackcns  or  carbonizes  them  ;  producing  heat  and  a 
ftrong  fmell,  like  that  of  a  mixture  of  ether  and  oil  pf 
turpentine  3  but,  according  to  Ker,  it  does  not  form  ¥l 
true  foap,  which  property,  according  to  Cornetle,  is  per- 
culiar  to  the  vitriolic  acid.  It  has  mofl  eff'eft  on  ejfential 
oils^  lefs  on  drying  ojhy  and  leaft  of  all  on  fat  oils.  In  fpi- 
rit  of  wine  it  is  faid  by  fome  to  be  foluble,  by  others  not. 
It's  a(9:ion  on  animal  and  vegetable  fubftances  Is  more  ox 
lefs  lively,  according  to  it's  degree  of  concentration,  antl 
deprived  of  all  humidity  that  it  has  received  by  deliquef- 
ccnce,  it  is  ftill  capable  of  deflroying  in  time  their  tex- 
ture and  colour, 

Prieftley  attempted  to  convert  the  acid  into  a  flate  of 
gas,  but  he  found  that  at  the  common  temperature  of  the 
atmofphere  it  was  recondenfed,  without  having  under- 
gone any  change.  In  a  concrete  cryftalline  form,  de 
Trudaine  found,  that  it  only  melted  in  the  focus  of  a 
burning-glafs,  when  placed  on  a  piece  of  charcoal,  which 
Macqucr  attributes  to  the  facility  with  which  light  tra- 
verfes  tranfparent  bodies.    Berniard  has  annoimccd,  from 


'*, 


ACICS.  109 

the  obfervatlon  of  Comus,  that  phofphorlc  glafs  has  the 
Droperty  of  being  the  moft  ele6lnc  of  all  known  glafles. 

Miftakenfor  other  ^^VA.— Boyle  appears  to  have  looked  fJj^^JP';";"' 
upon  the  phofphoric  acid  as  being  ihe  muriatic,  and  Hen«  other  acids^ 
kel  and  Stahl  confidered  it  as  a  modification  of  the  mu- 
riatic acid  brought  about  by  phlogiiton.     This  opinion 
was  founded  on  the  circumftance,  that  urine,  from  which 
phofphorus  was  obtained,  contained  both  thefe  fubftances 
in  great  abundance ;  and  when  common  fait  was  placed 
vipon  burning  coals,    a  vivid  blueiOi  flame  arofe,  fimilar 
to  that  from  phofphorus  :  this  hypothecs  has  been  aban- 
doned fince  the  experiments  of  Margraaf,  who  endea- 
voured by  all  poffible  means  to  form  the  combination, 
but  without   fucccfs  ;    he,   however,  out   of  refpe£l  for 
Stahl's  opinion,  feems  not  entirely  to  have  denied,  that  it 
might  be  of  the  nature  of  the  muriatic  acid,   but  not  in 
it's  pure  ftate.     He  thought  it  perhaps  might  be  the  fame 
acid,  but  united  in  a  peculiar  way  to  a  very  tender  glacial 
earth.    Other  writers,  as  Hoffmann,  Wenzel,  Vogel,  and 
Poerner  were  of  opinion,  that  the  phofphoric  acid  is  com- 
pofed  of  the  vitriolic  and  muriatic  acids;  but  as  thefe 
two  acids  could  not  be  produced  by  the  decompofition  of 
the  phofphorlc  acid,  nor  the  phofphoric  acid  produced  by 
the  compolition  of  them,  it  began  to  be  confidered  as  a 
peculiar  acid.     Bofc  d'Antic,  as  well  as  Sage,  thought 
it  contamed  the  matter  of  the  fluor,    aerial,  and  urinous 
acids;  even  Sage  carried  it  ftill  farther,  and  raifed  this  acid 
to  the  honour  of  the  original  and  elementary  acid.     He 
thought  he  could  trace  it  in  fixed  alkalis  and  in  metallic 
calces,  and  confidered  it  as  the  fole  principle  of  vitrifica- 
tion.    This  chemifl:,   however,  wanted  fa6ls  to  fupport, 
his  aflertions.     Macqucr  attributes  to  it  the  nature  of  fe- 
dative  fait  and  white  arfenic  :   thus,  he  fays,  that  fedative 
fait,  in  many  cafes,  takes  place  of  an  acid,  without  open- 
ly {bowing  acid  properties ;  it  unites  with  alkalis,  fatu- 
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rates  them,  and  changes  them  into  neutral  falts.  In  the 
fire,  it  is  fixed,  and  melts,  like  the  phofphoric  acid,  into 
a  glacial  matter;  and  laftly,  it  precipitates,  like  it,  neu- 
tral falts  from  their  mixtures.  With  refpe6l  to  arfenic, 
it  is  not  fo  fixed  as  the  phofphoric  acid,  and  only  decom- 
pofes  fait  petre;  but  it  is  as  much  difpofed  to  vitrifv  as 
this  acid,  and  as  to  it's  fmell,  it  perfc6lly  rcfcmblcs  that 
of  phofphorus.  With  refpcft,  however,  to  it's  power 
of  promoting  vitrification,  Ker  obfervcs,  it  is  by  no 
means  peculiar  to  thcfe  acids  and  alkalis.  The  marine 
acid  exerts  it  very  confpicuoufly  upon  clay,  iii  thofe  pot- 
teries where  the  glazing  is  given  by  marine  fait  vola- 
tilized by  heat,  in  which  operation  the  effctSl  is  greater 
than  the  alkali  alone  of  the  fait  could  produce;  whilrt; 
from  Pott's  experiments,  the  greater  fufibility  of  gyp- 
fum,  when  mixed  with  other  earths,  than  pure  calcare- 
ous earth,  fliows  the  vitrifiablc  powers  of  the  vitriolic 
acid;  and  this  power  is  flill  more  confpicuous  in  the 
acid  of  fluor ;  hence  the  idea  of  Macquer  is  likewife 
falfc. 
Compofi-  From  the  procefles  of  obtaining  the  phofphoric  acid 
aiids.  from  phofphorus,  it  appears,  that  it  confills  of  phofpho- 

rus united  with  the  pure  air  of  the  atmofphcre,  which  it 
abforbs,  and  by  which  it's  weight  is  confiderably  aug- 
mented. If  the  operation  be  performed  flowly,  not  only 
the  pure  part  of  the  atmofpheric  air  is  abforbed,  but  alfo 
a  fufficicnt  quantity  of  moillure  is  attracted  to  produce  a 
liquid  acid.  If,  however,  the  operation  be  performed  in 
a  veflel  filled  with  pure  air,  confined  by  mercury,  and 
particularly  placed  in  a  hotter  temperature,  white  fumes 
will  arife,  and  light  flocks  will  float  in  the  air,  and  attach 
themfelves  to  the  fide  of  the  veflel.  This  is  a  concrete 
acid,  which  foon  attracts  moifture  when  expofed  to  the 
atmofphcre  and  deliquefces. 

Hence  the  phofphoric  acid  is  compofed  like  all  the 
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Other  acids,  /.  e.  of  a  radical  or  peculiar  acidifiable  bafis, 

and  vital  air,  which  is  the  common  acidifying  principle. 

Schcele,  having  enclofed  a  piece  of  phofphorus  in  a  phial 

the   capacity  of  which  equalled  feven   ounces  of  water,  Great  dim i- 

fillcd  with  vital  air,  and  having  applied  fome  heat  to  it  by  """"."  "^  . 

'  oil  J    iiig  mj-^  a,;^ 

means  of  a  candle,  found  that  the  external  air  prefled  fo  S'^ai  heat 
ftrongly  on  the  Itopper,  that  he  was  obliged  to  put  it  un-  produce  of 
der  water.  Another  time,  the  fame  ehemift  obferved,  that  ''*^^'^- 
nine  grains  of  phofphorus  placed  in  a  glafs  veffel,  fealed 
hermetically,  the  capacity  of  which  was  equal  to  30  ounces 
of  water,  had  diminifhed  the  common  air  during  the  com- 
buflion  about  9  oi..  by  meafure.  zVccording  to  Klrwan,  it 
is  a  circumftance  worthy  of  great  attention,  that  the  air 
is  much  more  diminiflied  by  phofphorus  than  by  any 
other  combuflible  fubftance  ;  but  Morveau  thinks  that 
this  difference  cannot  be  attributed  to  the  greater  degree 
of  heat  produced,  fince  this  heat  is  itfelf  the  effeft  of  a 
greater  diminution  or  decompofition  of  vital  air;  but  he 
thinks  with  Scheele,  that  the  reafon  of  the  abforption 
being  here  more  confiderable,  arifes  from  the  combuftion 
not  being  difturbed,  as  in  other  limilar  experiments,  by 
the  vapours  dilated  by  the  heat,  and  which  furround  the 
flame. 

According  to  the  experiments  of  Lavoifier,  confirmed 
by  thofe  of  de  la  Place,  43  grains  of  phofphorus  ab- 
forbed,  on  burning  Qb^  62  grains  of  vital  air,  and  in  the 
formation  of  the  phofphoric  acid,  one  part  of  the  phof- 
phorus combines  with  1  *  of  vital  air,  Thefe  learned 
academicians  obferved,  that  the  heat,  dlfengaged  by  the 
vital  air,  when  it  was  abforbed  by  phofphorus,  was 
nearly  2  \  greater  than  when  it  was  changed  into  fixed 
air. 

It  remains  now  to  know  what  is  the  bafis  which  phof- 
phorus furnifhes  in  the  formation  of  the  acid,  to  the 
acidifying  principle.      According  to  the  principles  of 
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L'lfa«k!i'i""-  ^^'^^^y  when  reconciled  to  tlie  mo{?  modern  difcoveries,  it 
insprmci-  Jg  a  peculiar  fubftance  of  it's  own  kind,  which,  by  it's 
union  with  phlogifton,  conditutes  phofphorus.  Lavoi- 
fier,  on  the  contrary,  has  laid  it  down  to  be  the  phofpho- 
rus itfelf,  which,  unitino;  with  the  oxvjien  of  the  air 
forms  the  acid,  which  is  now  the  generally  received 
opinion. 
PfiorpSoric  The  phofphoric  acid  was  formerly  thought  peculiar  td 
ir>  all  the  animal  fubfl:ai\ces ;  but  Margraaf  found  it  alfo  in  the  ve- 
in^donis.  gg^^tjie  kingdom,  and  was  able  to  obtain  phofphorus  by 
diftilling  wheat,  muftard  feed,  and  other  vegetable  mat- 
ters J  and  Gahn  difcovered  it  in  the  ore  of  lead ;  hence 
it's  exiftence  has  been  found  in  all  the  three  kingdoms. 
With  refpcA  to  the  anlma\  there  is,  perhaps,  no  part  of 
animal  bodies  free  from  it.  It  was  obferved  particularly 
to  exill  in  urine,  partly  united  with  (oda,  partly  with  vo- 
latile alkali,  and  partly  with  calcareous  earth.  Scheele 
and  Bcrthollet  found,  that  it  alfo  exifled  in  this  animal 
fluid,  in  a  difengaged  (late,  and  that  it  betrays  it's  pre- 
fence  in  recent  urine  bv  it's  effeft  on  the  cohnir  of  lit- 
mus. Homberg  found  it  in  blood.  It  is  found  in  large 
quantity  in  bone,  which  Gahn  difcovered  in  1769. 
Scheele  found  it  in  ftags'  horns;  Maret,  in  flefli;  and 
Proud  fou!id  the  fredi  decoftion  of  flefli  to  redden  turn-' 
fole  from  ih's  acid.  Crell  found  it  in  ox  fuet  and 
human  fat;  Hankcwitz,  in  human  excrements;  Lei- 
den, Henfchen  and  Andrea,  in  old  cheefe;  Berthol- 
let,  in  fweat ;  Hohenholz,  in  crabs  eves;  Marquis 
de  Bouillon,  in  fifh  bones.  Croll  has  extra6led  it  from 
beef  fuet  and  human  fat ;  Macquer  and  Struve,  from 
the  gaftric  juice  ;  Henchel  faw  it  in  the  fweat ;  Berniard 
got  it  from  egg  fheJls  ;  and  Halchett,  from  other  (hells 
of  different  kinds.  Tn  the  vegetable  kingdom,  Albinus, 
Lauth,  HofTnuiun,  and  Potf,  bad  long  ago  mentioned  it's 
exiftence;  and  Margraaf^  as  before  obferved,  in  muftard 
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feed  ;  Meyer  found  it  in  the  green  refinous  part  of  leaves, 
to  which  he  attributes  the  colour ;  and  Berthollet,   in 
thofe  plants  which  yield  volatile  alkali,  where  he  thinks 
it  chiefly  refides.     Haflenfratz  obtained  it  from  pota- 
toes, agaric,  foot,  and  woods  of  different  kinds,  and  from 
marfliy  plants,   charcoal   and   foflil  coal.       Weftrumb 
likewife  obtained  it  from  charcoal  in  the  following  man* 
ner.     He  phlogiiticated  a  fixed  alkali  by  melting  it  with 
charcoal,  to  which   he  added  fome  fal  ammoniac.     The 
lixivium  of  this  alkali  he  faturated  with  vitriolic  acid, 
and  added  to  it  a  folution  of  iron  in  marine  acid,  upon 
which  a  precipitate  was  formed,  confi fling  of  phofphoric 
acid  and  iron.     In  the  mineral  kingdom,  after  Gahn  had 
found  it  in  lead,  Prouft  announced  that  it   would  be  in 
other  metallic  bodies,   and  it  was  found  in  the  marfhy 
ores  of  Iron  by  Meyer,  Stettin  and  Bergman,  forming 
with  the  iron  the  compound  called  fiderite,  to  which 
has  been  attributed  the  cold-fhort  quality   of  iron  ;  by 
Klaproth,  in  a  fpecies  of  beril  called  by  Werner  apatit, 
in  which  the  acid  is  united  with  calcareous  earth.     Haf- 
fenfratz  attributes  the   phofphoric  acid  found  in  marfliy 
ores  of  iron  to  the  aquatic  plants  and  animals,  in  which 
his  experiments  have  proved  the  exiftence  of  that  acid  j 
and  he  fuppofes  thefe  marfliy  ores  to  be  of  modern  date, 
and  formed  by  depofition  of  waters,   and  confequently 
replete  with  vegetable  and  animal  matter ;  but  he  never 
found  this  acid  in  thofe  ores  which  lie  in  the  more  an- 
tient  ftrata,  as  the  magnetic,  black,  pyritous,  hepatic, 
and  fpathofe  ;  yet  he  difcovered  traces  of  it  in  caft  iron, 
even  in  that  which  had  been  made  from  thefe  latter  ores  ; 
and  this  he  attributes  to  the  charcoal  employed  in  the 
fufion.     This  acid  is  likewife  an  ingredient  in  the  forma- 
tion of  mountains.     Thus  Bowles  has  defcribed  a  large 
native  mafs  of  a  phofphoric  ftone,  of  which  many  hills 
are  compofed,  near  Lagrofo,  a  village  in  Eftremadura,  a 
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province  of  Spain.  He  informs  us,  that  this  ftone  is 
whitifh,  and  without  tafle,  and  that  it  e;ives  a  bKic  flame 
without  fmell,  when  thrown  on  hot  coals.  Prouft  fur- 
ther defcfibes  this  flone  as  denfe,  not  hard  enough  to 
ftrike  fire  with  ftccl,  and  favs  it  appears  in  flrata,  which 
always  he  horizontally  upon  quartz.  When  this  Hone 
is  fcattcred  upon  burning  coals  it  does  not  decrepitate, 
but  burns  with  a  beautiful  green  light,  which  lafts  a  con- 
fidcrable  time;  and  in  this  refpe6l,  it  is  not  unlike  the 
fiuor  fpar,  the  light  of  which,  however,  is  more  blue  and 
lefs  durable.  With  the  vitriolic  acid  it  forms  a  felcnite, 
while  the  remaining  liquor  is  the  phofphoric  acid,  fimi- 
lar  to  that  obtained  by  dllTolving  bones  in  the  vitriolic 
acid.  Hence  the  (lone  is  a  calcareous  phofphat. 
It's  ongin.  _^g  ti)^,  phofphoric  acid  is  found  in  eich  of  the  three 
kingdoms,  the  great  queftion  is  to  know  from  which  it 
derives  it's  origin.  jNIargraaf  having  difcovered  it  in 
vegetables,  thought  it  was  formed  there,  and  thence 
conveved  into  animals.  Ker  is  of  opinion,  that  as  it 
exifts  more  copioufly  in  animals  than  in  vegetables,  and 
as  acidification  confifls  in  the  union  of  air  with  fome  in- 
flammable matter,  which  procefs  is  manifeRly  carried  on 
in  the  lungs  of  animals,  where,  bv  refpiration,  pure  air 
is  continually  abforbed,  and  combined  with  the  moft  dif- 
chgagcd  inflammable  matter  it  can  find  in  the  blood  ;  it 
is  not  improbable,  that  it  may  be  formed  alfo  in  the  bo- 
dies of  animals,  and  that  as  large  quantities  are  continu- 
,  ally  carried^ofif  from  them  in  their  excretions,  he  conjec- 

tures, it's  formaticn  and  fubfequent  excretion  are  a  mode 
employed  by  nature  to  carry  ofl'  the  phlogiflic  matter,  as 
foon  as  it  comes  to  A  proper  degree  of  difengagcmcnt, 
which  is  continually  evolved  in  the  animal  procefs,  and 
which,  if  not  combined,  would  caufe  immediate  death. 
It  would  appear,  that  the  phofphoric  acid  is  formed  both 
by  vegetabl'js    and  animals,  which  are  only  degrees  of 
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the  fame  orcranization,  and  that  the  more  animaHzed  i 
body  is,  the  larger  is  the  quantity  of  this  acid  it  con- 
tains ;  it's  quantity  in  animals  is  confiderable,  where  it  is 
not  only  combined  with  foda,  hme  and  ammonia,  but 
is  alfo  in  a  difcngaged  ftate,  as  it  is  found  in  iiefli  and 
iti  urine. 

H'ljiory  of  the  add  of  phofphorus.  .This  acid  was  un- 
known to  the  ancients.  When  it  was  firft  difcovered,  and 
a  long  time  afterwards,  having  been  i2:enei*a]ly  procured 
from  urine,  it  was  called  by  fome  chemifts,  the  acid  of 
urine.  But  fince  it  has  been  found  to  exifl  in  other  fub- 
flances,  and  m.ore  particularly  in  bones  j  and  another 
acid,  which  pofieiTes  different  properties,  was  equally 
found  in  urine ;  the  name  of  the  acid  of  urine  has 
given  way  to  that  of  the  phofphoric  acid,  particularly 
fince  it  was  obtained  from  phofphorus  by  combuftion. 
The  phofphoric  acid  appears  to  have  been  difcovered  the 
latter  end  of  the  feventeenth  century.  Boyle,  on  exa-  Boyle. 
minitig  the  clear  liquor  which  the  flowers  of  phofphorus 
afforded,  found  by  the  tafte  that  it  was  acid  ;  it  changed 
the  firup  of  violets  to  a  fine  carnation  colour,  and  dif- 
folved  the  fdings  of  copper ;  and  he  compared  it  to  the 
fpirit  of  fea  fait.  Frobenius,  on  applying  heat  to  fome  Frobenius, 
phofphorus,  obtained  from  it  a  lat-ge  quantity  of  very 
white  flowers,  and  having  admitted  air  to  them,  they 
melted  into  a  clammy  liquor,  refembling  gum  water;  by 
heat,  they  became  hard  and  tranfparent.  He  gave  to 
thefe  the  name  of  vitrum  molle;  being  expofed  to  a 
ftrong  heat  they  became  brittle  like  glafs.  He  informs 
us  he  procured  an  acid  from  them.  Hankevitz  having  Hankevitz, 
deflagrated  fome  phofphorus,  obtained  a  quantity  of 
flowers  from  it,  and  found  they  had  gained  2  drachms 
in  weight ;  thefe  being  placed  in  a  cool  fituation  became 
diflblved  into  a  liquid  that  had  gained  ftill  more  in  weight,  ^ 

He  informs  us  likewife,  that  it  contained  an  acid  fait, 
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more  fixed  in  the  fire  than  any  fait  then  known,  and  had 
Slare.  other  properties  peculiar  to  ilfelf.     Slare  found,  that  after 

the  deflagration  of  phofphorus  no  aflies  remained,  but 
there  was  inflead  a  little  nioiflure  that  tailed  fubacid,  refem- 
bling  a  weak,  oleum  fulphuris  per  campanam.  It  fet  his 
teeth  on  edge,  and  diflblved  iron.  He  tells  us,  that  a 
piece  of  phofphonis  when  rcfolved  into  this  liquor, 
weighed  at  lead  thrice  it's  original  weight.  It  appears, 
therefore,  that  fo  early  as  between  the  years  1G79  and 
1698,  when  Boyle  and  Slare  publiflied  their  papers,  an 
acid  had  been  difcovered  to  be  produced  by  the  fpon- 
taneous  and  artificial  combuflion  of  phofphorus  3  that  it 
had  evt^n  received  an  increafe  of  weight  during  the 
change,  and  that  it  was  to  be  obtained  in  a  concrete 
form  I  but  it  was  unknown  to  be  a  peculiar  acid,  fince 
known  by  the  name  of  the  phofphoric,  and  confequently 
none  of  it's  properties  had  been  examined.  Even  at  the 
time  of  Ilcllot,  in  1737,  it  was  fuppofcd,  that  the  deli- 
quefcence  of  phofphorus  was  only  a  real  folution  brought 
about  by  the  tenuity  of  the  aqueous  particles,  in  a  ftate 
of  vapour,  and  bccaufe  it's  inflammable  principle  was 
diffipated.  The  chemill  who  firft  gave  any  fatisfa(51ory 
account  of  this  acid,  and  who  defcrlbed  it's  properties, 
was  Margraaf,  about  the  year  1743  (a  detail  of  whofe 
experiments  will  be  given  hereafter). 

It  has  been  already  faid,  that  there  are  three  methods 
of  obtaining  the  phofphoric  acid,  viz.  by  deflagration, 
(low  combuflion,  or  by  afUnity  in  the  humid  way. 
Flrftmethod  The  dtfiagration  of  ^hofpl.orus  is  a  lively  and  rapid  com- 
the  acid.  buftion;  and  if  this  fubftance  be  placed  in  a  vcflcl  fo  that 
it  may  be  expofcd,  either  naturally  or  artificially,  to  a  de- 
gree of  heat  of  about  24  degrees  of  Reaumur,  it  enflames 
with  a  kind  of  e.vplofion  3  the  bottom  of  the  vcflll  is  found 
covered  over  with  a  flaky  white  matter,  the  weight  of 
which  is  more  than  double  that  of  the  phofphorus  itf*-lf^ 
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which  very  readily  and  powerfully  attratSls  humidiiy 
from  the  air,  and  is  at  laft  converted  into  an  acid  fluid,  of 
the  confiftence  of  a  thin  oil ;  and  this  is  the  phofphoric 
acid.  Without  waiting,  however,  for  the  deiiquefcence, 
a  certain  quantity  of  water  being  poured  upon  this  refi- 
duum  foon  diffolves  it,  except  a  portion  of  yellowifli 
orange 'matter,  which  is  phofphorus  not  decompofed,  and 
which  remains  on  the  filter.  This  operation  by  deflagra- 
tion has  been  defcribed  by  Margraaf,  who  obferved,  as 
well  as  Hankevitz  and  Slare,  that  the  produft  had  in- 
creafed  in  weight;  audit  was  upon  the  ley  of  this  refi- 
duum,  concentrated  by  diftillation  of  the  phlegm,  that 
he  made  his  firft  attempt  to  invcftigate  it's  combinations. 
To  obtain  the  acid,  he  deflagrated  the  phofphorus  in  a 
glafs  mortar,  which  he  placed  upon  a  glafs  or  porcelane 
plate,  gently  heati^  the  laft  at  the  bottom  :  he  likewife 
placed  it  under  a  cucurbit  covered  with  an  alembic, 
making  ufe  of  a  receiver.  By  this  means,  from  one 
ounce  of  phofphorus  he  obtained,  by  deflagration,  one 
ounce  and  f  of  a  drachm  of  the  acid ;  and  the  acid  thus 
prepared,  according  to  Margraaf's  procefs,  has  been 
called  the  phofphoric  acid  hy  deflagration.  (Acidum  phof- 
phori  per  deflagrallonem). 

Lavoifier  tells  ns,  that  the  method  he  ufed  to  procure  Lavoifier. 
the  phofphoric  acid  for  his  experiments  was,  to  burn  the 
phofphorus  under  a  glafs  bell  inverted  in  mercury,  by 
means  of  a  burning  lens ;  a  great  abundance  of  white 
flocks  attach  themfelves  to  the  fidies  of  the  vellel,  which 
are  the  concrete  acid,  and  are  almoft  immediately  diflblved 
into  a  fluid  (late  on  coming  into  coritaft  with  the  air; 
the  produA  is  a  very  concentrated  and  heavy  acid,  Vv'ith- 
out  odour,  and  has  the  oily  appearance  of  the  concen- 
trated vitriolic  acid.  If  the  acid  is  wanted  of  lefs 
flrength,  this  chemift  has  given  a  more  cafy  and  expe- 
ditious  nrvethod;    the   phofphorus  is    deflagrated  under 
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large  glafs  bells^  into  Which  a  litile  diltilled  water  has 
been  poured ;  when  the  vapours  arifing  from  the  firft 
combuftion  are  diffipatcd,  a  frefh  quantitv  of  phof- 
phorus  is  introduced  under  the  vefTel,  which  is  to  be 
deflagrated  like  the  firfi:,  and  the  proccfs  is  thus  to  he 
continued  for  feveral  days,  until  a  fufficient  quantity  of 
phqlphoric  acid  is  obtained  ;  but  although  this  procefs 
has  the  advantage  of  aiTording  the  acid  in  a  Ihort  time, 
yet  it  holds  in  folution  a  pretty  confiderable  quantity  of 
phofphorus  undecompofed,  which  alters  it's  properties. 

w.ireand  Wolfe  and  Pelletier  invented  a  procefs  for  obtaining 
this  acid  by  combuftion,  b^  melting  this  fubftance  under 
waier,  and  by  pafling  a  current  of  pure  air  through  it. 

Seco  d      -      ~^'  P^-°Jp^^^^'^  '^^'^  is  obtained    by  a  more  complete 

tbi'd-  converfjon  of  the   phofphorus,  on  fubmitting  the   latter 

fubftance  to,  a  Jlovj  ccmhi'Ji'ton\  for  if  .phofphorus  be  ex- 
pofed  during  fome  weeks  to  the  ordinary  temperature  of 
the  atmofphere,  even  in  the  winter,  it  undergoes  a  flow 
combuftion,  and  is  ^>Tadually  changed  into  a  liquid  acid. 
For  this  purpofc,  it  is  ufual  to  put  fmall  pieces  of  phof- 
phorus on  the  inclined  fide  of  a  glafs  funnel,  through 
which  the  liquor,  which  is  formed,  drops  into  the  bottle 
placed  to  receive  it.  , 

ipoyic-  Boyle,  having  placed  about  3  grains,  of  phofphorus  in 

a  glafs  funnel,  which  he  fet  in  the  window,  it  continued 
to  fliine  for  fifteen  days,  and  there  was  left  behind  a  li- 
quor, which,  on  being  weighed,  he  found  to  have  in- 
creafed  to  three  times  it's  weight;  but  he  was  ignorant, 
as  before  obferved,  either  of  it's  being  a  peculiar  acid,  or 
of  the  caufc  of  the  inrrcafcd  weight. 

Siare.  Slare  having  expofed  half  a  grain  of  this  fubftance  in 

the  open  air,  it  continued  to  flame  feven  or  eight  days, 
and  when  it  was  extinguiflied  no  afhes  or  recrements  re- 
mained behind  except  an  acid  moifture,  of  which  h« 
knew  nothing. 
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S?.2;e  recommends  to  cover  the  orifice  oFthe  funnel  into  Sage, 
which  the  phofphorus  is  put  with  a  cucurbit ;  and  as  the 
end  of  the  funnel  enters  a  bottle  into  which  the  acid  falls^  a 
fmall  glafs  tube  (hould  be  placed  in  the  middle  of  the  fun- 
nel to  ffive  vent  to  the  air  of  the  bottle,  which  is  difplaced 
by  the  acid;  for  without  thefe  precautions,  the  phofphorus 
would  inflame  with  explofion  in  the  apparatus,  when  the 
thermometer  is  at  15°  above  the  freezing  point.  The  in- 
flammation may  take  place  even  at  a  very  inferior  degree, 
when  there  is  a  certain  quantity  of  phofphorus,  or  if  the 
pieces  of  phofphorus  touch,  or  are  too  near  each  other, 
which,  we  are  informed,  happened  once  even  in  a  cellar 
belonging  to  the  academy  of  Dijon. 

By  flow  combuftlon,  Morveau,  Maret,  and  Durande, 
obtained  from  one  ounce  of  phofphorus  three  of  the 
acid,  and  when  thus  prepared,  it  has  been  called  phofpho~ 
ric  acid  by  dellquefcence,  (acldum  phofphori  per  deliquium.) 
It  is  without  odour  or  colour,  of  the  appearance  of  con- 
centrated vitriolic  acid;  but  it  ftill  retains  fome  unde- 
compofed  phofphorus,  which  is  obfervable  on  being  ex- 
pofed  to  the  fire,  by  it's  very  acid,  white  vapours,  and 
fmall  luminous  explofions  ;  and  although  this  portion  of 
phofphorus  is  very  fmall,  yet  it  may  lead  to  error  oi> 
making  any  delicate  experiments ;  but  it  is  eafy  to  de»- 
prive  the  acid  of  it  by  diftilling  it  upon  fplrit  of  wlne^ 
which  does  not  volatilize  it,  and  which  takes  hold  of  the 
phofphorus.  •  * 

According  to  Morveau,  the  name  of  acid  by  deliquef- 
cence  is  very  improper ;  for  it  is  not  the  water  that  de- 
compofes  the  phofphorus,  and  converts  it  to  the  ftate  of 
acid  ;  it  is  only  attracted  bv  the  acid  perfeAlv  formed,  or 
in  proportion  as  it  is  formed,  by  a  real  combuRion,  which 
only  differs  from  the  preceding  by  being  much  more 
flow,  as  is  evident  from  the  odour  which  the  phofphorus 
does  not  ceafe  to  exhale,  and  the  light  it  difperfes  during 
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the  whole  proccfs,  am]  wliich,  although  weak,  is  however 
fenCble  in  the  dark.  The  air  is  therefore  the  only  agent 
of  the  decompofition.  The  acid  procured  by  means  of 
Sage's  method  by  water  may  be  deprived  of  that  fluid, 
and  brought  to  a  thick,  or  even  a  glacial  confidence,  by 
evaporation  and  diftillation. 

3a  method.  3.  With  refpe6t  to  the  third  method,  or  that  by  affi- 
nity, it  is  now  well  known,  that  phofphorus  as  well  as 
fulphur  is  fufceptible  of  paffing  into  an  acid  (late  by 
means  oi affinities  in  the  hufnid  way,  without  any  inflam- 
mation either  vivid  or  flow ;  but,  as  Morveau  has  exprefled 
it,  bv  a  fpecies  of  cold  conibiiftion  j  thus  it  is  eafily  ob- 
tained by  means  of  the  nitrous  acid. 

Schcele.  Scheele  was  the  firft  who  obtained  the  phofphoric  acid 

by  the  nitrous  acidj  it  was  afterwards  pro'cured  by  Chap- 

Lavoifi?r.  tal  J  but  Lavoifier  has  given  a  more  convenient  form  of 
procefs,  of  which  the  following  is  an  account :  He  took 
a  tubulated  retort  containing  fix  or  feven  pints,  into  which 
he  poured  two  pounds  of  nitrous  acid,  of  a  fpecific  gravity 
to  water  as  1 29895  to  1 00000,  and  placed  it  on  a  fand 
bath;  to  this  he  adapted  a  receiver;  he  then  applied  by 
degrees  a  heat  until  the  liquor  had  acquired  about  45°, 
and  put  into  the  retort  a  piece  of  phofphorus  of  10  or  12 
grains  in  weight,  which  immediately  fell  to  the  bottom 
of  the  liquor,  melted  like  wax,  and  produced  a  very  lively 
efFervefcence  :  when  the  firft  piece  was  difl^c^lved  he  put 
a  fecond,  then  a  third  in,  and  repeated  this  by  flow  fuc- 
GeflSons,  until  he  had  combined  all  the  phofphorus  he 
wiflied  to  diflblve  with  the  acid.  The  quantity  was  2  oz, 
6  or  7  drachms.  The  folution  in  the  beginning  was 
made  with  great  eafe,  fo  that  he  was  obliged  to  manage 
the  fire  led  the  effervefcencc  fliould  be  too  great;  but  to- 
wards the  end  the  a6lion  of  the  acid  upon  the  phofphorus 
became  by  degrees  flower,  and  it  became  neceflary,  in 
Qvder  to  fupport  the  eflervefcence  and  the  folution^  to 
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ralfe  the  heat  to  fuch  a  degree  as  to  exceed  that  of  boiling 
water.     Whilft  only  a  drachm  or  one  drachm  and  a  half 
of  phofphorus  had  been  diflblved,  the  liquor  underwent 
no  change,  except  receiving  a  yellow  tinge  like  aqua 
reo"ia ;   afterward  it  became  green  ;  at  the  fame  time  very 
thick,  red  and  turbid  vapours  arofe,  which  were  only  ni- 
trous air  and  very  fuming  nitrous  acid.     Thefe  vapours, 
which  formed   a  thick  cloud,   appeared  to  fall   and   run 
from  the  orifice  of  the  retort,  like  a  liquid,  and  continued 
to  pafs  all   the  time  of  the  folution  of  the  phofphorus. 
The  products,  however,  which  paffed  during  the  diftilla- 
tion   being  colIe6ted,   and  which   continued    17   or   18 
hours,  were  as  follows  :  at  firft  2  drachms  24  grains  of  a 
very  weak  nitrous  acid,  nearly  white,  came  over,  and  the 
vapours  which  arofe  from  the  liquor  in  the  retort  during 
the  time  this  acid  paffed  over  were  fcarcely  coloured;  but 
as  the  vapours  became  more  intcnfe,  the  acid  which  arofe 
was  more  yellow,  and  began  to  fume ;  the  fecond  por- 
tion which  was  fet  apart  weighed  3  oz.  50  grains ;  this 
fecond  portion  was  followed  by  a  nitrous  acid  of  a  deep 
green  yellowifh  colour,  and  more  fuming  than  the  pre- 
ceding; it  weighed  6  oz.  2  drachms;  the  nitrous  acid  ob- 
tained afterwards  was  rather  lefs  green,  and  not  fo  fum- 
ing, it  weighed  5  oz.  5  \  drachms ;  and  toward  the  end 
of  the  paffage  of  this  acid,  the  intenfity  of  the  red  va- 
pours confiderably  diminiflied,  and  nothing  was  now  ob- 
tained but  white  nitrous  acid  fcarcely  fuming;   this  laft 
portion  weif^hed  4  oz.  2  drachms,  fi  grains.     The  liquor 
in  the  retort  was  now  entirely  faturated  with  phofphorus, 
and  the  portions  added  would  not  diffolve,  although  the 
heat  was  greatly  increafed  and  long  continued.     Having 
taken,  off  the  veffcls,   there  remained  in  the  retort  13  oz. 
4  drachms  of  a  fomewhat  yellovvifli  liquor,  of  an  oily 
coijfiftence,  almoft  like  concentrated  vitriolic  acid  or  oil 
of  vitriol,  which  had  Hill  a  litile  of  the  odour  of  nitrous 
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acid.  To  fend  off  the  laft  remains  of  volatile  acid  it 
might  contain,  it  was  put  into  a  glafs  retort  clothed  with 
earth,  and  expofed  to  the  graduated  heat  of  a  reverbera- 
tory  furnace.  At  firft  a  weak  and  light  nitrous  acid  cam? 
over,  which  hocame  more  and  more  phlegmatic;  then 
nothing  but  a  phlegm  of  a  red  colour,  fomcwhat  bitter, 
that  was  no  longer  acid,  and  which  did  not  cfTcrvefce 
with  alkalis.  Having  ftill  Increafed  the  heat  a  little,  even 
fo  as  flightly  to  redden  the  bars  on  which  the  retort  rc- 
pofed,  verv  penetrating  white  vapours  began  to  pafs  over, 
which 'Were  collecled  in  the  receiver,  and  which  proved 
to  be  real  phofphoric  acid  ;  in  a  flate,  however,  half  vola- 
tile. The  operation  being  thought  now  complete,  the 
veflcls  were  left  to  cool ;  but  on  attempting  to  take  out 
the  liquor  remaining  in  the  retort,  the  greateft  part  was 
ohferved  to  have  become  as  thick  as  turpentine,  and 
fluck  to  the  interior  of  the  vcflll,  from  which  it  was 
impoffible  to  pour  it  but  by  diluting  it  with  diflillcd 
water;  and  this  prevented  it's  being  weighed  with  oxaft- 
nefs.  The  quantity  of  phofphoric  acid  obtained  from 
2  oz.  6  drachms  of  phofphorus  by  two  pounds  of  nitrous 
acid  may  therefore  be  valued  at  eight  or  nine  ounces ; 
fuppofing  the  procefs  not  carried  to  the  point  of  reducing 
the  acid  to  the  confiftence  of  thick  turpentine,  but  only 
to  that  of  a  fomcwhat  thick  firup.  Such  is  the  procefs 
which  Lavoifier  made  ufe  of  to  obtain  the  phofphoric 
acid,  and  in  which  the  remaining  two  drachms  of  phof- 
phorus were  fuppofed  to  have  evaporated. 
Bcigrr.an.  Other  acids  are  faid  to  produce  the  fame  efTeil ',  thus 
Bergman  affirms,  that  if  a  piece  of  phofphorus  be  put 
into  fome  arfeiiical  acid,  it's  whole  furface  foon  becomes 
black,  from  the  portion  of  arfenic  that  adheres  to  it  in  a 
reduced  ftate  :  he  docs  not,  however,  fpeak  of  the  ftate  of 
the  liquor,  but  it  appears  to  pafs  in  fome  part  to  the  ftat^ 
cf  an  acid. 
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The  fame  chemirt,  as  well  as  Scheele,  informs  ns,  that  Schcde. 
the  dephlogifticated  muriatic  acid  immediately  converted 
feme  phofphorus  into  a  white  fmoke  ;  but  Morveau  con- 
tradi6ls  this  aflertionby  his  own  experiments.,  faying,  that 
the  moft  concentrated  dephlogifticated  muriatic  acid  in  a 
liquid  ftate,  even  that  taken  under  a  concrete  uate,  in  the 
manner  of  Berthollet,  has  no  a£lion  upon  phofphorus  at 
a  medium  temperature,  nor  even  at  15°  above  the  freez- 
ing point.  Berthollet  accounts  for  the  difference  between 
thefe  chemifts,  by  obferving,  that  no  aclion  takes  plac? 
bctv.'cen  thefe  fubftances  without  the  afiiftance  of  light, 
but  that  when  a  piece  of  phofphorus  is  added  to  dephlo- 
gifticated marine  acid  and/the  mixture  cxpofed  to  light, 
it  will  acquire  the  properties  of  reddening  the  blue  juices 
of  vegetablesj,  and  of  precipitating  lime  water,  and  form- 
ing a  calcareous  phofphoric  fait;  and  hence  it  appears 
that  the  phofphorus  imbibes  the  pm-e  air  of  the  dephlo- 
gifticated acid,  and  is  changed  into  ph  ;fphoric  acid  ;  and 
indeed  Tvlorveau  appears  to  admit  the  folution  in  the 
Encycl.  Meth.  art.  acide  inur^  dephlogi/i.  where  he  fays, 
this  acid'  inftantly  decompofes  phofphorus,  difengages  a 
white  fmoke,  takes  hold  of  it's  phlogifton,  and  returns 
into  a  ftate  of  common  aeriform  muriatic  acid.  It  is 
eafy  to  account  for  the  converfion  of  phofphorus  into 
the  acid  by  means  of  the  affinities.  The  acids  give  up 
their  oxygen  to*  the  phofphorus,  and  hence  it  takes  it's 
acid  ftate  ^  and  the  fame  may  be  effe6led,  as  Sage  has 
fhown,  by  adding  folutions  of  copper,  filver,  and  other 
metals,  to  phofphorus ;  the  metals  are  precipitated  in 
their  metallic  ftate,  and  the  phofphorus  becomes  an 
acid. 

4.  A  fourth  method  of  obtaining  the  phofphoric  acid  4th  method. 
is,  by  feparating  it  from  the  faline  or  earthy  bodies  with 
which  it  is  united.     It  is  now  well  known  that  the  phof- 
phoric acid  is  found  united  in  urine  to  volatile  alkali  for 
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it's  bafij,  forming  the  native  phofpbat  of  urine  or  fufible 
fait ;  but  as  it  is  prefcnt  in  urine  with  one  or  two  fixed 
neutral  falts,  the  phofphoric  acid  cannot  be  procured 
from  it  bv  heat  in  that  flatc.  When,  however,  this  na- 
tive phofphat  is  pure,  the  volatile  alkali  may  be  expelled 
from  it  by  heat,  by  which  means  the  phofphoric  acid, 
R'juclle,  being  fixed,  remains  behind.  Thus,  according  to  Rouelfe, 
when  the  fufible  fait  is  deprived  of  every  other  neutral 
fait,  and  the  liquor  is  put  into  a  porcelain  crucible,  or 
any  other  proper  evaporating  vcflel,  if  it  be  placed  in 
an  open  fire  or  fand  bath,  and  the  liquor  be  then  evapo- 
rated with  caution^  raifing  the  heat  towards  the  end  of  the 
proccfs,  fo  as  to  melt  the  phofphoric  acid,  it  will  be  ob- 
tained in  as  tranfparent  a  ftate  as  the  niofl;  perfect  and 
beautiful  cryftal.  The  phofphoric  acid  thus  obtained 
has  been  called  the  acid  bafts  of  native  fuli ;  it  is  produced 
in  a  glacial  ftate  from  the  heat  employed. 

It  was  likewife  propofed  to  procure  the  phofphoric 
acid  from  another  fait  contauied  in  urine  j  thus 
Hfrmb-  Hermbftadt  advifes  to  disjefl  Prou/rs  perlated  fait  in  vi- 
triolic  acid,  which  uniting  with  the  mineral  alkali,  and 
by  it's  union  forming  a  fait  capable  of  cryftallization, 
leaves  the  phofphoric  acid  difengagcd.  The  acid  thus 
feparated  may  be  further  purified  by  heat  from  any  ad- 
hering vitriolic  acid. 

All  chemifts,  however,  agreed  that  the  acid  extra»!vled 
from  phofphorus  was  much  more  pure,  and  hence  that 
by  combuftion  was  called  by  Proult,  acide  phcfphcrique 
par  excellence. 

At  the  article  hard  parts,  an  account  was  given  of  feve- 
ral  methods  of  procuring  this  acid  from  bones ;  from 
which  it  appeared,  that  on  employing  the  vitriolic  acid, 
the  principle  fault  was  the  imperfe6l  feparation  of  the 
calcareous  earth ;  of  which  ahhough  the  greater  part 
unites  with  the  vitriolic  acid,  and  forms  an  infoluble  fele- 
nitc,  yet  enough  remains  in  the  acid  lixivism  to  yivld 
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an  earthy  fediment  upon  evaporation,  and  to  give  fome 
degree  of  opacity  and  of  inlolubility  to  the  vitreous  acid 
prepared  by  tiiis  method.  The  prefence  of  the  calcareous 
earth  is  proved  bv  mehing  the  vitreous  acid  with  a  futli- 
cient  quantity  of  fixed  alkahs,  and  hxiviating  the  melted 
mafs  with  watcr^  upon  which  the  calcareous  earth  will 
appear  undilTolved.  In  ord<ir  to  purify  this  acid,  there- 
fore, Rouelle  recommended  a  method,  founded  on  it's 
property  of  being  infoluble  in  fpirit  of  wine.  lie  broke 
the  vitreous  acid  into  (mall  pieces,  and  by  addition  of  a 
little  water  reduced  it  to  a  gelatinous  liquor,  which  he  de- 
canted clear  from  the  earthy  matter,  and  mixed  with  it 
12  parts  of  fpirit  of  wine.  Next  day  the  phofphoric 
•acid  was  found  at  the  bottom  of  the  mixture,  of  the  con- 
fidence of  refin  of  jalap  recently  prepared.  By  expofing 
this  acid  to  heat  in  a  crucible,  the  moifture  and  any  vi- 
triolic acid  adhering  to  fome  remaining  portion  of  fele- 
nite  were  difiipated,  and  by  urging  the  heat,  a  glafs  tranf- 
parent  as  cryftal  was  formed.  Weigleb  made  ufc  of  ano- 
ther method,  as  obfervcd  at  the  art.  bot7es ;  but  a  great 
improvement,  according  to  Ker,  has  been  made  on  the 
depuration  of  the  phofphoric  acid  by  Bonvoifin.  Hav-  Bunvoifio, 
ing  found  that  evaporation  and  filtration  were  infufficient 
to  feparate  all  the  earth  adhering  to  the  acid  of  bones, 
prepared  by  the  vitriolic  acid  as  defcribed,  he  added  a 
cauftic  volatile  alkali,  and  obtained  a  copious  precipitate, 
and  when  he  could  feparate  no  more  by  the  cauftic  vo- 
latile alkali,  he  obferved,  that  upon  adding  the  fame  pre- 
cipitate in  a  mild  ftate,  fome  further  precipitation  enfu- 
ed.  He  fufpc£led  that  the  whole  of  the  precipitates  were 
notfelenitc,  as  has  been  generally  fuppofed,  and  he  found  by 
experiment,  that  the  precipitate  formed  by  caullic  am- 
monia was  3l  phojphoric  fait  with  a  calcareous  bajls^  and  that 
the  precipitate  forrtied  afterward  by  mild  ammonia  was  a 
calcareous  earth.     He  concludvs.  therefore,  that  after  the 


126  Acfns. 

fcknite  has  been  precipitated  in  the  common  procefsj  a 
portion  of  calcareous  earth  remains  combined  with  the 
j'hoiphorio  acid,  forming  the  pholph.oric   fait  with  bafis 
of  calcareous  earth  ;  which,  although  little  fohible  in  wa- 
ter, is  readily  diiVolved  in  the  acid  of  bones,  or  in  other 
acids,  as  he  found  was  the  cafe.     To  fcparate  therefore 
the  calcareous  earth,  the  acid  mud  be  faturated  with  an 
alkali,  and  the  volatile  Is  preferable,  becaufe  it  may  after- 
wards be  expelled  from  the  phofphoric  acid  by  heat;  and 
the  mild  alkali  is  preferable  to  the  cauftic,  becaufe  the 
former  decompofes  the  phofphoric  fait  of  lime,  fo  that  the 
whole  of  the  acid   remains  in   the  lixivium,   while  the 
earth  only  is    precipitated,   whereas    the    cauftic   alkali 
would  precipitate  the  entire  fait,  being  only  held  in  folu- 
tion  by  the  fuperfiuous   acid.     Eonvoifin  continued  the 
procefs,  by  evaporating  the  lixivium  faturated  wMth  vola- 
tile alkali,  and  he  obtained  a  cryftallized  anmioniacal  fait, 
which  he  melted  in  a  filver  vefTel,  the  acid  a6iing  upon 
glafs  or  earthen  vefTels.     The  acid   thus  prepared  is  a 
compaft  glafs  as  tranfparent  as  rock   cryflal,  is  acid  to 
the  tafte,  foluble  in  water,  and  deliquefces  on  expofure  to 
the  air.     It  differs  in  fome  refpeft  from  the  acid  obtained 
by  burning  phofphorus,  and  is  even  purer,  as  Bonvoifin 
aiHrms,   than  this  latter  acid,  which  in  his  lanjruaffe  is 
apt  to  be  more  or  lefs  phlogifticated  :  for  the  acid  prepar- 
ed by  combuflion  gives  more  red  fumes  w  hen  mixed  and 
evaporated  with  nitrous  acid,  deftroys  the  red  colour  of  a 
folution  of   manganefe  in  vitriolic  acid   (a  fign  of  the 
phlogirtlcatlon),   and  is  lefs  difpofed  to  cryftallize  w^hen 
faturated  with  volatile  alkali.     The  acid  of  bones,  how- 
ever, although  depurated  from  calcareous  earth  by  vola- 
tile alkali,  is  fubjecl  to  one  fource  of  impurity,  froai  which 
the  acid  obtained  by  combultion  is  free;   for  Scheele  has 
proved,  that  bones  and  other  folid  animal  matters  contain 
fome  mineral  alkali,  from  which  the  modes  of  depuration 
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juft  mentioned  are,  as  Ker  obferves,  perhaps  incapable  of 
freeino-  the  acid  obtained.  The  quantity,  hoACver,  of 
this  alkali  is  not  very  confiderablc,  and  may  not  affett  the 
ordinary  ufes  of  the  acid. 

Likevvife,  according  to  Fourcroy,  the  produ6l  obtained 
from  bones  by  the  vitriolic  acid^  as  vi'ell  as  the  rclidue  of 
the  phofphat  of  ammonia  decompofed  by  fire,  does  not 
confift  of  pure  phofphoric  acid,  not  affording  one  fifth 
of  it's  weight  of  phofphorus  at  moit,  but  contains  a  cer- 
tain quantity  of  the  phofphat  of  foda.  If  this  fait  remains 
mixed  with  calcareous'  phofphat  arifing  from  a  fmall 
quantity  of  felenite,  it  ufually  melts  with  the  phofphat, 
and  forms  a  very  hard  opake  glafs  which  rcfifts  the  action 
of  all  menftrua. 

For  a  further  account  of  obtaining  this  acid  from  bones 
the  reader  is  referred  to  the  inveftigation  of  thofe  fub- 
ftances,  and  perhaps  it  might  have  been  proper  to  have 
inferted  them  here. 

Vitrification  of  the  acid. — When  the  ,natlve  phofphoric  Vitiifica- 
acid  was  obtained  by  Rouelle,  it  was  converted  into  a  g^-i^j 
tranfparent  glafs,  and  until  Morveau  had  inferted  an  ac- 
count of  the  acid  itfelf  in  the  Encyclop.  M:th,  great  fuf- 
picions  arofe  whether  this  fubflance,  reduced  to  a  ftateof 
glafs  in  the  fire,  really  merited  the  name  of  acid  ;  for  it 
was  alTerted,  that 

ift.  The  native  phofphoric  acid  not  faturated  by  a  ba- 
fis,  or  that  has  been  deprived  of  the  ammoniacal  bafis  by 
the  heat  of  evaporation,  preferves  all  the  properties  of  an 
acid  as  long  as  it  is  not  reduced  to  a  glacial  form  ;  as  ap-  , 
pears  from  the  experiments  of  Berthollet  on  the  change 
of  blue  paper  in  recent  urine,  on  the  precipitation  of  cal- 
careous phofphat  which  lime  water  produises  in  it,  and 
from  the  obfervatlons  of  Rouelle  on  the  effervefcence  that 
this  acid  makes  with  the  volatile  alkali  added  to  the  urine 
during  it's  evaporation. 
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2d.  When  the  acid  of  native  fait  is  in  a  Rate  of  glafs, 
it  has  neither  the  foUibihty  nor  the  favour  of  acids;  and 
according  to  the  remarks  of  Proiifl,   it  would  appear  to 
belong  to  a  general  and  conftant  law,  that  a  finiple  fub- 
ftance  enjoying  every  power  of  acidity,  ought  alfo  to  have 
the  favour,  as  a  fign  of  that  power.  Bergman,  in  his  dif- 
fertation  on  the  blowpipe,  looks  upon  the  native  phofphat 
as  a  fait  of  three  parts,  /.  <r.  phojphoric  acid,  foda  and  volatile 
alkali,  to  which  he  adds  a  fat  gelatinous  matter,  but  as  it 
isdiffipatcd  by  the  ailion  of  the  fire,  it  ought  not  to  be 
included  in  the  examination  of  the  glafs  which  remains 
fixed.     From  this  hypothefis,  this  glafs  is  the  phofphorie 
acid  ihaX.  has  loft  it's  volatile  bafis,  which  is  only  imper- 
fectly faturatcd  by  the  mineral  alkali ;   and,  according  to 
this  chemlft,  it  is  on  account  of  this  excefs  of  acid  that  it 
fo  readily   attracts  humidity  from   the  air.     Prouft,  to 
whom  the  knowledge  of  that  peculiar  fubftance  in  urine 
is  owing,  which  is  foreign  to  the  phofphorus,  and  which 
Bergman  calls  acid  of  per  late  [alt  and  Mcrveau  ouretic  acid, 
is  of  opinion  that  it  is  this  fubftance  v^Wch.  fatwatei  the 
phcfpboric  acid  in  the  infolublc  glafs  of  the  native  fait;  and 
Bergman  appears  to  have  adopted  this  hypothefis  in  the 
new  edition  of  his  Diflertation  on  Affinities.     Morveau, 
however,  could  not  comprehend  how  one  acid  was  able 
to  faturate  another ;  and  how  it  only  faturates  it  in  a  ftate 
exficcation,  whilft  in  an  aqueous  ftate  it  lets  it  enjoy  all 
the  properties  of  a  free  acid.     It  is  true,  that  Prouft  does 
not  give  this  fubftance  the  name  of  acid,  and  he  obfervcs, 
that  it  turns  the  firup  of  violets  green;  but  he  allows,  or 
rather  eftabliflies  the  fa6l,  that  it  performs  the  function  of 
an  acid,  and  that  it  a6ts  upon  alkalis  as  well  as  acids.  On 
adopting  thecomparifon  he  propofes,  of  this  fubftance  with 
the  concrete  boracic  acid  or  fedativc  fait,  it  may,  accord- 
ing to  Morveau,  be  imagined  that  it  paffes  eafily  of  itfelf 
■  to  the  ftate  of  glafs ;  that  being  in  abundance,  it  covers  and 
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defends  the  phofphor'ic  acid,  which  is  in  lefd  quantity,  from 
the  conla<?t  of  all  matter  capable  of  acting  upon  it  in  the 
humid  way;  it  may  even  be  fuppofed,  that  the  phofpho- 
ric  acid  is  in  part  faturated  with  the. foda,  which  the 
ouretic  acid  always  carries  along  with  it,  and  that  this  lad, 
as  being  more  weak,  has  been  obliged  to  give  it  up,  or 
perhaps  to  partake  of  it  during  the  vitrification;  but  what- 
ever probability  this  comparifon  gives  to  the  fyftem  of 
Prouft,  it  of  courfe  muft  fall,  if  it  be  found,  that  the  pure 
phofphor'ic  acid,  exempt  from  all  ouretic  fubllance,  ifolated 
from  any  bafis,  likewife  lofes,  at  lead  to  a  certain  point, 
the  characters  of  an  acid,  on  being  puflied  to  a  ftate  of 
glafs ;  and  it  muft  then  be  confeffed,  that  thefe  two  effe6ts 
depend  on  the  fame  caufe,   which   has  not  as  yet  been 
fiiown.     For  this  purpofe  Morveau  took  fome  very  pure 
phofphoric  acid,  extrafted  from   phofphorus  by  a  flow 
combuftion ;   it  was  exficcated  by  a  gentle  evaporation, 
and  then  put  into  a  Heffion  crucible  in  a  melting  furnace, 
taking  care  to  reverfe  another  crucible  upon  it,  to  prevent 
any  foreign  matter  Entering,  and  a  beautiful  glafs  was 
obtained.     This  glafs,  expofed  feveral  months  to  the  ex- 
ternal air,  was  not  diflblvcd,  nor  even  had  extracted  any 
evident  moifture.      Having  boiled  fome  diililled   water 
upon  it,  it  very  fenfibly  reddened  blue  paper  ;  having  de- 
canted this  firft  water,  what  was  again  put  upon  the  fame 
acid  glafs  no  longer  changed  litmus,  and  no  diflblution 
took  place,  although  the  glafs  was  boiled  feveral  hours  in  a 
large  quantity  of  water.  Here  then,  fays  Morveau,  is  a  vi- 
triform  phofphoric  acid,  the  acid  properties  of  which  have 
almoft  totally  difappeared  without  being  marked  by  the 
fubftance  difcovered  by  Prouft,  or  any  faturation.     This 
glafs,  however,  may  return  to  the  acid  ft;ate  whicb  Mor- 
veau accounts  for  bv  it's  pafling  through  the  ftate  of  phof- 
phorus, by  combiniqg  it  with  the  phlogilion,  and  then 
let  it  inflame,  the  refiduum  being  the  regenerated  acid, 
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he  fiippofcs  it  is  the  abfencc  of  the  vital  air  which  is  tlie 
caufeof  the  inertia  of  the  phofphoric  glafs,  and  concUidcs, 
that  the  infoKibility  of  the  aciJ  extra»:^ied  from  the  fait  of 
urine,  when  puflied  to  a  glacial  {late,  is  by  no  means  a 
proof  of  the  impurity  of  the  acid. 
Pifcover>-of  In  giving  the  hiftory  of  the  difcoveries  of  the  different 
ties  ol'p'iiof- P''f^P^'"tics  of  the  phofphoric  aci J;,  it  will  be  ncceflary  to 
photic  acid,  ijeorin  with  Boyle.  This  celebrated  chcmifl:  found,  that 
the  water  in  which  the  phofphorus,  which  he  calls  nocti- 
luca,  had  been  kept,  to  defend  it  from  the  air,  had  a  ft  rong 
piercing  tafte  like  that  of  fea  fait,  but  more  pungent,  as  if 
brine  was  mixed  with  fpirit  of  fait ;  on  evaporation,  it 
coagulated  into  a  fubftance,  fometimes  like  a  jelly,  at 
other  times  like  the  white  of  egg,  in  confidence,  which 
fubftance  was  cafily  melted  by  heat.  If,  before  the  coa- 
gulated matter  was  too  far  wafted  by  the  heat,  it  was  fuf- 
iercd  to  cool  a  little,  it  had  acquired  a  confiftence  like 
melted  i^fin,  or  rather  ftiff  birdlime,  as  it  would  draw  out 
into  threads  a  foot  or  more  in  length,  one  of  which  being 
held  to  the  flame  of  a  candle,  did  not  take  fire,  but  melt- 
ed into  little  globules  like  glafs,  and  likewife  gave  out  a 
flrong  fmell  like  that  of  garlic;  and  being  left  all  night  in 
the  air,  it  attra6led  moifture  exceedingly  faft,  and  was 
diflfolved  into  a  liquor  almoft  as  ftrong  as  fpirit  of  fait. 
Putting  this  fubftance  again  over  the  fire  as  before,  it  ap- 
peared to  become  fixed,  and  afforded  a  multitude  of  fliin- 
ingexplofions,  with  evident  flalhes  of  light.  In  order  to 
examine  the  faline  part  of  the  noiSlilucal  matter,  he  fuf- 
fiered  a  little  of  it  to  difiblve  per  deliquium  into  a  clear  li- 
quor, and  having  dropped  a  little  of  it  upon  fome  firup 
of  violets,  it  changed  it  to  a  fine  carnation  colour.  It 
d!flblved  fome  of  the  filings  of  copper  without  heat,  and 
the  fohition  was  of  a  green  and  blue  colour.  It  corroded 
red  coral,  and  effervefccd  with  dry  fidt  of  tartar,  ^ence 
Boyle  numbers  it  among  the  family  of  acid  falts. 
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Maroraaf  carried  his  refearckes  much  farther  than  Mwg'"- 
Boyle,  and  proved  in  oppofition  to  the  opinion  of  Stahl 
and  his  followers,  who  fuppofed  it  to  be  the  acid  of  fait; 
that  it  had  no  connexion  with  it,  but  that  it  was  an  acid 
fui generis.     His  experiments  were  made  upon  this  acid 
produced  from  the  burning  of  phofphorus,  and  likewife 
upon  thefufible  fait  of  urine  which  contains  this  acid  in  a 
free  ftate;  the  laft  was  diffolved  in  between  two  and  three 
parts  of  diftilled   water ;  the  firft  he  calls  the  phojphoric 
acid;  the  fecond,   the   acid  liquor ;  \\\{h.   refpe(Sl  to  tlie 
firft,  he  found,  that  mixed   with  a  folutlon  of  gold,  no 
turbidnefs  was  immediately   produced,   but  afterward  a 
few  fhinlng  particles  of  gold  fell  to  the  bottom  ;  diftilled 
by  a  ftrong  heat,  the  refiduum  was  of  a  purple  red  colour. 
The  acid  had   no   effeft  upon  fine  filver  filings,   when 
ftrongly  digefted  with  them  :   ^vith  a  folutlon  of  filver, 
after  fome  time  it  became  darkifti  and  blueifli,  a  very  fmall 
portion  fell  down  refembling  black  flocculi,  and  when 
diftilled,  the  refiduum  looked  like  hina  cornea.     It  feizcd 
upon  the  calx  of  quickfilver  obtVmed  by  calcination,  and 
changed  it's  vellowifli  red  to  white,  and  by  ftrong  digef- 
tion,  to  a  black  colour;  but  nothing  was  precipitated  by 
the  oleum  tartarl  per  dcltquium.     It  produced  an  abundant 
white  precipitate  from  a  nitrous  folutlon  of  quickfilver  ; 
this,  on  remaining  in  the  cold  was  for  the  moft  part  taken 
up  again,  and  onlv  a  fmall  black  heavy  powder  was  left. 
It  readily  diflblved  the  filings  of  copper,  and  the  folution 
was  green ;  likewife  iron,  and  formed  cryftals  with  it. 
It  had  no  effeft  on  tin,  till  concentrated,   it  then  a6led 
fomewhat  upon  it.     The  fame  happened  with  lead,  but 
rather  more  ;  it  however  precipitated  it  of  a  white  colour 
from  it's  folution  in  nitrous  acid,  and  the  precipitate  w-ag 
not  rcdiflblved.     It  perfeclly  dllTolved  white  arfenlc,  and 
a  blackifti  niafs  remained  after  dlftlllatioii.     It  dilfolvcd 
zinc  very  ftrongly,   and  with   a  ftiuking  fmeli  like  that 
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arifing  from  it's  folutlon  of  tin.     It  united  with  fal  tar^ 
tari,  and  on  evaporation,  cryflals  were  produced  that  did 
not  decrepitate.       It   efl'crvefced  ftrongly,    and  formed 
longiili  pointed  cryftals  with  volatile  alkali.     With  re- 
fpe(Sl  to  the  fecond,  he  found,  that  when  flrongly  digcft- 
ed  with  different  metals,   the  following  were  it's  effects. 
It  had  no  a6lion  upon  gold-leaf,  even  by  boiling,  and 
with  the  addition  of  nitrous  acid  ;  nor  upon  iilver  ;  the 
fined  copper  duft  was  fcarcely  affocled   by  it.     It  how- 
ever diffblved  iron  with"  effervefccnce,  and  became  at 
length  turbid,  glutinous,  and  of  a  fomewhat  blueifli  co- 
lour; it  had  but  little  effeiSl  upon  tin  and  lead ;  it  cor- 
roded zinc  filings  to  a  white  powder,  which,  diluted  with 
water  and  filtered,  were  precipitated  by  oil  of  tartar.  Pul- 
verized regulus  of  antimony  was,   during  digeftion,  in 
part  difl'olved,  as  appeared  from  it's  precipitation  by  oleum 
tartari ;  it  did  not  affeiSl  bifmuth  ;  it  gave  the  blue  calx 
of  cobalt  a  red  colour.     Th\s pho/phoric  fnlt,  however,  had 
a  much  (Ironger  a£lion  upon  metallic  bodies  in  the  drv 
way  ;   and  as  it's  ammonia  efcapes  by  heat,  the  effects  it 
had  may  be  looked  upon  as  thofe  of  the  acid.     Melted 
with  pure  gold  it  formed  a  purple  fcoria;  with  filver  fil- 
ings, an  opake  fcoria  ;  w  ith  copper  the  fcoria  was  grecn- 
ifli,  it  likewife  gave  this  metal  a  whiter  colour,  and  ren- 
dered it  more  brittle ;  with  iron,  a  glaffy  fcoria  of  me- 
tallic appearance,  which  when  broken  was  of  a  greenifh 
yellow  colour ;   during  the  fufion  fparks  of  phofphorus 
were  conftantly  emitted,   which  Margraaf  accounts  for, 
from  the  acid  uniting  with  the  inflammable  principle  of 
iron  ;  the  metal  was  femivitrified  and  fpungy  in  texture. 
With  tin  the  fcoria  was  milk  white,  and  the  metal  was 
become  foliaceous  in  texture,   finning,  and  refemb'.ing 
zinc    in   it's  fra6lure ;  with  lead    the  effects  were  the 
fame;  phofphoric    fparks  were  emitted  from  both.     It 
diffolved  the  calx  of  quickfilvcr  piecipilated  from  aqua 
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fortis  by  oil  of  tartar ;  the  mafs  was  whltlfli,  but  not 
clear,  and  when  diflblved  in  diftilled  water,  a  yellow  pow- 
der fell  to  the  bottom,  which  by  heat  was  converted  into 
quickfilver;  a  drop  of  the  remaining  clear  water  imme- 
diately made  a  white  fpot  upon  a  clear  copper-plate. 
It  gave  regulus  of  antimony  a  beautifully  fplendid  and  ra- 
diated appearance,  and  the  fcoria  was  fomewhat  opake. 
Bifmuth  was  but  little  changed  by  it.  A  moderate  heat 
applied  to  a  mixture  of  it  with  zinc  produced  a  great  deal 
of  phofphorus,  and  beautiful  phofphoric  flames;  the  re- 
mainder was  a  gray  vitrified  fcoria;  expofed  with  white 
arfenic  to  a  ftrong  heat,  the  mafs  on  being  left  in  the 
open  air  deliquefced,  was  of  a  fnow  white  colour,  and 
when  cold  moderately  tranfparent.  Expofed  to  a  red 
heat  with  fulphur,  the  laft  fublimed,  whilft  the  fait  re- 
mained unchanged  in  a  perfeftly  clear  fufion.  With 
cinnabar  no  change  of  any  confequence  was  likewife  ob- 
ferved,  it  alfo  fublimed;  with  manganefe  it  became  a 
femitranfparent  mafs,  and  yellowifh  in  fome  parts,  but 
did  not  deliquefce ;  the  fides  of  the  crucible,  and  around 
the  mafs  itfelf,  were  of  a  purple  red ;  with  the  calx  of 
filver,  the  fcoria  was  whitifh,  but  not  clear,  with  a  yel- 
lowifh fhade,  and  very  little  was  reduced;  with  crocus  ve- 
neris a  beautiful  green  fcoria  was  produced,  in  which  all 
the  copper  was  diflblved  ;  with  crocus  martis  it  gave  a  dark 
brown  fcoria;  with  calx  of  tin,  a  beautiful  white  mafs  ; 
calx  of  antimony  afforded  a  whitifh  fcoria ;  calx  of  bif- 
muth, a  yellowifli  green  mafs;  flowers  of  zinc  afforded 
the  whitefl;  mafs,  it  was  femitranfparent,  refembling  opal. 
All  thefe,  except  the  filver,  formed  mixtures,  that  did 
not  deliquefce  or  melt.  With  chalk  it  formed  a  femitranf- 
parent body,  like  glafs,  and  not  deliquefcent;  with  finely 
pulverized  marble,  it  melted  fo  thin,  as  to  run  out  of  the 
crucible,  a  fmall  remnant  only  was  left,  vitrified;  the 
fame  with  refped  to  alabaflier ;  with  fpanifli  chalk  it  gave 
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afomewhat  porous  mafs,  the  fra(5luiT  of  which  was  flilning 
and  femilranfparcut;  with  a  Saxon  topaz,  a  beautiful  opal 
toloured  inafs,  and  not  drhquelccnt;  with  flint,  the  fame, 
but  deliquefccnt;  with  fine  white  clay,  the  fame  as  Spa- 
nifh  chalk;  with  fluor  fpar  a  fcmitranfparcnt  niafs.  Dif- 
tillcd  wiUi  oil  of  vitriol,  the  mixture  on  boiling  became 
brownifli,and  then  turbid  and  white;  at  a  ftronger  heat  the 
oil  of  vitriol  came  over,  and  the  remainder  was  opakc,  white 
and  dcliqucfcentj  withllrongfpiritof  nitre,  the  latter  came 
over,  and  the  remainder  was  tranfparent  like  borax-glafs; 
with  fpiritus  falls,  the  fait  being  fixed,  nothing  remarkable 
was  obfervcd;  with  pure  fait  of  tartar,  nothing  arofe,  al- 
though expofcd  to  a  red  heat;  being  dlflblv'cd  in  diftillcd 
water  and  cr\nallizcd,  the  cryflals  were  long  and  had  au 
exoefs  of  alkali,  hence  the  neceflity  of  repeated  folution 
and  cryftallizatlon.     Expofed  to  the  ftrongefl  degree  of 
heat  with  pure  vitriulatcd  tartar,  a  heavy  acid  drofs  came 
over  which  eflervefced  with  fixed  alkalis,  and  when  cryf- 
tallized,  refembled  vitriolated  tartar.     The  remainder  was 
white  and  fufcd,  difficultly  cryftallizable,  and  differed  from 
vitriolated  tartar,  likewife,  in  being  eafily  foluble  in  a  little 
water.    Pure  nitre  being  expofed  witli  it  to  a  ilrong  heat, 
red  vapours  arofe,  a  proof  that  this  fait  expels  the  nitrous 
acid  from  it's  alkaline  bafes ;  the  remainder  was  of  the 
colour  of  peach  flowers,  but  had  not  fo  perfectly  become 
fufed,  as  that  with  vitriolated  tartar,  and  was  more  diffi- 
cultly foluble  in  water.    On  evaporation  the  cryftals  were 
longifli,   refcmbling  thofe  obtained  from  fait  of  tartar. 
They  did  not  detonitc  on  hot  coals,  but  by  the  blow-pipe 
became  a  round  mafs,  like  that  from  fait  of  tai'tar   which 
became  opnkc  on  cooling.  With  common  fait,  the  time 
as  laft,  the  fpirit  of  fait  came  over,  and  the  remainder  was 
nidk-white,  eafily  foluble  in  water,   and   afforded  cubic 
cryftals,  which  decrepitated  on  red  hot  coals;  there  was, 
however,  fome  diff'ercucc ;  with  fal  ammonia^  no  change 
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took  place ;  with  finely  powdered  borax,  the  fufionwasfo 
fubtile  as  to  pierce  the  fides  of  the  crucible ;  tlic  little  re- 
maining had  glazed  the  bottom  of  the  crucible,   but  did 
not  attraft  moifture.     This  fait  difTolved  in  two  parts  of 
water  and  mixed  with  lime  water  was  left  to  evaporate  on 
s.  moderately  warm  furnace,   and  during  the  evaporation 
(from    1  quart  to   10   ounces)   a  great  quantity  of  fine 
white  porous  earth   had  been  dcpofited  at  the  bottom ; 
this  filtered  and  dried  was  not  fufible,  but  eflfervefced  with 
aqua  fortis ;  the  filtered  liquor  afforded  a  yellowifh  ra-    . 
diated  fait,  that  did  not  deliquefce  ;  this  fait  dilTolvcd  in 
two  or  three  parts  of  water,  when  it  was  perfeclly  clear, 
and  precipitated   the  following  earths  from  their  folu- 
tions ;  flint  diffolved  by  fixed  alkalis ;  calcareous  earth 
from  acid  of  fait  of  a  white  colour,  which  was  remark- 
able  for  being  for  the  mod  part  as  birdlime  after   edul- 
coration;  and  the  earth  of  alum.     It  did  not  precipitate 
gold  from  aqua  regia,  but  filver  fell  down  of  a  wjTite  co- 
lour from  the  nitrous  acid.     It  precipitated  copper  from 
nitrous  acid,  in  the  form  of  a  white  powder,  often  like- 
wife  in  the  form  of  a  green  oil,  and  oftentimes  had  no 
effe6l,  which  arofe  fiom  the  proportions  of  the  water. 
Iron  fell  from  the  nitrous  acid  likewife;  and   as  a  white 
powder  from  fpirits  of  fail;  the  precipitate  was  tough  in 
the  heat,  but  boiling  water  entirely  diflblved  it.     Lead 
fell  down  from  nitrous  acid  of  a  white  colour,  as  well  as 
tin  diffolved  in  aqua  regia,  but  this  laft  metal   was  not 
precipitated  from  the  vitriolic  acid.     Quickfilver  from 
the  nitrous  acid  and  bifmuth  equally  produced  a  white 
powder;  after  fome  time  it  precipitated  zinc  from  the 
nitrous  acid.     Such  are  the  experiments  which  Mar- 
graaf  made  upon  the  phofphoric  acid,  and  later  obferva- 
tions  have  confirmed  fome  and  added  to  others. 

With  refpcvSt  to  it's  tafte,  Leonhardi  thinks  it  refem-  '^^•'^e  of 
blcs  that  of  vitriolic  acid,  and  fhows  no  particular  f?iarp-  at;-:. 
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nefs,  although  de  LaflTone  and  Cornette  have  defcribed  if 
as  cauftic. 
Sprcific  It's  fpecific  gravity  according  to  Morveau  cannot  be- 

^'^^'''  determined  in  a  ftate  of  fluidity,  as  it  may  be  dephleg- 
mated  t&drvnefs;  in  a  vitreous  (late  Crell  found  it  to 
water  as  3  to  1,  but  as  his  acid  had  not  been  in  a  ftate  of 
phofphorus^  it  was  not  perfe6lly  pure.  It's  concentration 
even  varies  in  a  liquid  ftate,  from  it's  fpontaneous  deli- 
quefcence;  the  ftrongeft  which  Morveau  faw,  was  1,417, 
another  time  only  1,306.  According  to  Briflbn,  the 
fpecific  gravity  of  a  phofphoric  acid,  a  cubic  foot  of 
which  weighed  109  lb.  3  drachms  1 1  |  grains,  was  to 
diftillcd  water  as  1357.5  to  lOCOO.  But  de  LafTone  and 
Cornette  mention  fome  of  this  acid  that  was  to  water  as 
19  to  8. 
With  water.  Thefe  two  laft  chemifts  have  alfo  obferved  the  heat  pro- 
duced on  mixing  this  acid  with  diftilled  water.  With  an 
acid  of  the  confiftcnce  of  oil  of  vitriol  they  raifed  the 
therm.  (Reaum.)  IS'';  with  another  acid  of  a  fpecific 
gravity  to  water  as  19  to  8,  they  raifed  it  from  13°  to  34°, 
and  another  time,  when  two  parts  of  this  acid  were  added 
to  one  of  water,  4"  more. 
Nitrous  sa'.  Prieftley  obferved,  that  this  acid  was  foon  faturatcd  w  ith 
red  nitrous  vapours,  or  nitrous  gas,  and  then  became  of  a 
deep  indigo  colour. 
Fctaih,  The  fait  it  forms  v/ith  potafli  has  been  called  tartarus 

phofphoratus,  alkali  vegetablle  phofphoratum.  It  cryf- 
tallizes  without  difficulty  ;  when  expofed  to  heat  in  clofe 
veflels  it  is  not  dccompofed,  but  becomes  an  opake  vitre- 
ous mafs,  foluble  in  water.  It  is  decompofed  by  lime 
water,  and  t>y  felenite  folutions,  the  phofphoric  acid  unit- 
ing and  precipitating  with  the  earth,  forming  a  phofpho- 
ric fait  of  lime.  Although  it  decrepitates  on  the  coals 
lilce  common  fait,  yet  it  did  not  with  the  blowpipe  accord- 
ing to  Margraaf,  but  was  converted  with  borax  into  a 
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tranfparent  vitreous  body.  It  does  not  communicate, 
as  well  as  other  phofphoric  i^ilts,  any  colour  to  the  flame 
of  alcohol,  although  it  conta'ued  a  few  reddifh  parts. 
It  is  deconipofed  byfluoracid  ard  a  fluat  of  potafh  con- 
taininiT  (ilex  is  precipitated.  It  is  not  decompofed  by  the 
acid  of  arfenic,  but  is  in  part  by  that  of  tartar.  Silver 
precipitates  it  in  the  form  of  a  fine  white  pOwder,  by 
double  affinity ;  qpickfilver^  of  a  ycllowifh  coluur_,  and 
lead,  of  a  darkifti  white  po^vder. 

By  a  fmall  fuperabundance  of  acid  when  united  to  foda  Snds. 
this  fait  is  faid  to  pofTefs  the  peculiar  property  of  being  - 
fixed  in  the  cold  and  fluid  at  an  evaporating  heat,  without 
the  aid  of  water.  Limewater  decompofes  it's  aqueous 
folution;  alcohol,  acids  and  the  abovq  mentioned  metals, 
2L&.  upon  it  as  upon  the  phofphat  of  potafli,  but  the  acid 
of  tartar  does  not  decompofe  it.  It  has  been  called,  fal 
phofphoreum  minerale,  fel  phofphorique  a  bafe  del'alcali 
mineral ;  when  properly  faturated,  it  efliervefces  in  the  dry 
air  like  other  falts  with  bafis  of  foda,  and  being  free  from 
any  unpleafant  tafte,  has  been  of  late  years  introduced 
into  medicine  as  a  purging  fait. 

Dr.  Pearfon  gives  the  following  procels  for  preparing 
this  phofphat  of  foda.  Diflolve  in  a  longnecked  matrafs 
1400  grains  of  cryftallized  mineral  alkali  in  5100  grains 
of  water,  at  the  temperature  of  150°  of  Fahrenheit's 
fcale.  Add  gradually  500  grains  of  phofphoric  acid,  of 
a:  fpecific  gravity  to  water  as  1,85.  Boil  the  liquor  fome 
minutes,  and  while  it  is  boiling  hot,  filtrate  it  and  pour 
it  into  a  (liallow  veflel ;  let  it  remain  in  a  cool  place, 
and  cryftals  will  continue  to  form  during  fome  days. 
From  the  above  quantities  of  the  materials,  he  has  ob- 
tained from  1450  to  1550  grains  of  cryftallized  fait.  The 
cryftals  are  folids  contained  within  fix  rhomboidal  faces, 
of  which  the  acute  angles  are  60^  and  the  obtufe  120°. 

United  with  ammonia  it  fbrms  the  fal  anmioniacum  A-urcnia. 
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phofpliorcumjor  fel  phofphorique  aminoiiiacal,  the  folu- 
tioii  of  which  i»  likcwife  decompofcd  by  lime  water.  Ac- 
cording to  I.avoifier,  it's  cryftals  rcfoniblc  thofe  of  aliun, 
and  arc  caller  folulile  in  warm  than  cold  water;  they  re- 
quire from  live  to  fix  parts  of  cold  water  for  their  folution, 
and  arc  not  dcliqucfccnt.  According  to  Wcnzci  the  am- 
monia is  to  the  phofphoric  acid  in  them  as  8  to  3.  This 
fait  fwells  when  expofed  to  the  fire,  but  although  it  is 
decompofcd',  the  fixity  of  it's  acid  prevents  it's  fublinia- 
tion.  It  is  found  ready  formed  in  urine,  and  is  the  fa- 
linc  fubftance  from  which  phofphorus  is  obtained  in  the 
procefs  for  preparing  it  from  that  animal  liquor;  for  the 
volatile  alkali  efcapes  by  heat,  leaving  the  phofphoric  acid 
at  liberty  to  combine  with  the  inflammable  matter,  and 
to  form  phofphorus  ;  whereas  the  other  phofphoric  fait 
obtained  in  urine,  which  has  juft  been  mentioned  under 
the  name  of  phofphat  of  foda,  is  incapable  of  decompo- 
fition  bv  charcoal. 
Lime.  With  lime,  according  to  Wenzel,  it  forms  a  gummy 

mafs,  and  a  few  cryftals,  but  the  greater  part  is  in  the 
form  of  a  gritty  powder  which  finks  to  the  bottom.  In 
fa6l,  fays  Kcr,  this  compound  is  almoft  infoluble  in  wa- 
ter, and  the  part  which  remains  fufpcnded,  or  appears  in 
cryftals,  as  Wenzel  defcribes,  is  merely  diflblved  by  the 
fupcrfluous  acid.  Limc'has  the  greatcft  afhnity  to  the 
phofphoric  acid,  which  fakes  it  from  the  nitrotis,  nfiu- 
riatic,  fluor  acid,  arfcnical  and  acid  of  ants,  laftic  and 
acids  of  lemons  and  vinegar;  even  in  the  dry  way,  from 
the  liuor  acid.  This  almoft  infoluble  fait  is  called  fal 
calcareum  phofphoreum,  calx  phofphorata,  fel  phofpho- 
rique calcaire,  and  is  prepared  the  bell  from  flrong  lime- 
water  or  chalk  and  the  phofphoric  acid.  From  it's  dif- 
ficult folubility  in  water  and  confcqucnt  diflicult  cryftal- 
lization,  the  real  ftatc  of  it's  cryHals  cannot  be  deter- 
mined, but  from  their  chaniiiu'r  the  tiniSturc  of  litmu*  to 
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a  red,  they  appear  to  have  a  fuperabundance  of  acid  (caI-» 
careous  phofphit.)  It  is,  however,  fohible  in  the  nitrous 
and  vitriolic  acids,  and  is  acted  upon,  with  refpe6l  to  the 
reparation  of  it's  acid,  in  the  fame  way  as  the  earth  of 
bones.  Cauftic  alkahs  have  no  effect  upon  it  either  in  the 
moift  or  dry  way  ,•  the  precipitate  of  phofphat  of  Hme, 
fuperfatu rated  with  the  acid,  and  made  foluble  by  cauftic 
alkali,  is  phofphat  of  lime;  mild  alkalis,  according  to 
Lavoificr  and  Morveau,  dccompofe  it,  both  ways,  by 
means  of  double  affinity,  although  in  the  dry  way,  from 
the  furplus  of  alkali,  very  imperfectly .  Mild  volatile 
alkali  likcwife  attacks  the  phofphat  during  the  digeftion, 
fo  as  to  produce  a  phofphat  of  ammonia;  but  it  docs  not 
decompofe  it's  folution  fo  well  by  a  quick  precipitation, 
becaufe  the  phofphat  of  lime  becomes  infoluble  by  de- 
priving it  of  the  fyperabundant  acid,  and  falls  down  undif- 
folved  to  the  bottom.  A  folution  of  filver  is  precipitated 
by  it,  of  a  dirty  gray,  but  by  degrees  becomes  reddifh, 
and  a  folution  of  qnickfilver  in  the  form  of  a  while  pow- 
der.    It  does  not  colour  the  flame  of  alcc^hol. 

Morveau  c9mbined  this  acid  with  ponderous  earth,  by  Baiytes. 
adding  it  to  a  folution  of  this  earth  in  marine  acid,  upon 
which  the  phofphoric  acid  feparated  the  earth  from  it's 
folvent,  and  formed  with  it  an  infoluble  precipitate.  It 
has  been  called  terra  pond'-Tofa  phofphorata,  phofpho- 
reum  barytatum,  phofphate  de  Baryte.  It  is  without 
tafte,  and  in  a  ftate  of  powder.  Made  foluble  in  water  by 
means  of  a  furplus  of  phofphoric  acid,  it  is  more  or  lefs 
decompofed  by  the  acids  of  vitriol,  fugar,  amber,  and 
fluor,  and  perhaps,  alfo,  as  Bergman  fays,  by  mild  alkalis. 

With  magnelia,  this  acid  forms,  according  to  Wcnzel,  Miignefta.' 
befide  a  very  difficultly  foluble  powder,   and  a  gummy 
mafs,  fome  fmall  fhining  crvftali5,    infoluble  in  nitrous 
acid,  and  which  melt  in  the  furnace  to  a  porcelane-like 
fubftance. 
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According  to  Bergnian,  fimilar  cryftals  arlfe  when  the 
acid  is  added  to  a  fulution  of  magnefia  in  vinegar.  La- 
voifier  obtained  by  fpontjineous  evaporation,  fine,  flat, 
fmooth  needles,  a  few  lines  in  length,  cut  obliquely  at 
both  ends,  and  which,  when  expofed  to  the  air,  fell  in 
pieces;  they  refembled  thofe  that  gypfum  gives  by  a  long 
and  almoft  imperceptible  evaporation.  This  fait  is  called 
fal  phofphorcum  magnefiae,  magnefia  phofphorata,  fel 
phofphorique  de  magncfie  ',  or,  according  to  Weigel, 
bitterphofphorfalz. 

This  fait  is  alfo  obtained  by  the  decompofition  of  all 
magnefian  falts,  except  thofe  of  the  acids  of  fluor  and 
fugar.  By  alcohol,  it's  folution  is  rendered  turbid.  All 
mild  alkalis  dccompofe  it  by  digeftion  carried  to  a  boiling 
heat,  and  the  fixed  on  calcination.  Limewater  precipitates 
magnefia  from  it's  folution,  and  the  precipitate  falls  with 
phofphat  of  lime.     Gypfum  the  famC  by  double  affinity. 

Argiir.  Tiie    phofphoric   acid    (according  to  Wenzel)   eafily 

unites  with  pure  clay  when  digefiied  upon  it,  forming  an 
infoluble  faline  powder,  and  a  clear  fluid  folution,  which, 
by  evaporation,  yields  a  gritty  powder,  and  at  lafi:,  a  mat- 
ter refembling  gum  arabic,  which,  by. heat,  becomes  a 
tranfparent  glafs.  This  has  been  called  alumcn  phofpho- 
rcum, argilla  phofphorata,  phofphate  d'alumine,  alaun- 
trdichtes  phofphorfalz.  The  acid  of  vitriol,  cauftic, 
and  mild  alkalis,  limewater,  and  magnefia  eafily  decom- 
pofe  it.  Vinegar  even  takes  the  argile  from  the  phofpho- 
ric acid,  according  to  Bergman. 

Siiex,  This  acid  has  not  any   fcnfiblc  cflecl  upon  filiclous 

earth,  in  the  humid  way,  although  it  has  been  obferved 
by  Rouelle  to  attack  glafs. 

In  the  dry  way,  Ker  obfervcs,  that  this  acid  afls  upon' 
all   earths.     Margraaf,   as  before  obfcrveil,    expofed   to 
heat  mixtures  of    three  parts  of  acid  with  one  part  of 
Saxon  topaz,  flint,  clay,  and  chalk,  and  obtained  from 
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each  of  thefe  earths,  vitreous  mafles,  more  or  lefs  tranf- 
parent :  of  all  thefe  glafles  that  made  with  flints  was  the 
only  one  which  feemed  to  be  deliquefcent. 

Lavoifier  found,  that  leaf-gold,  which  he  had  changed  ^^^j^ 
into  a  very  fine  purple  powder  by  trituration  with  fugar, 
and  wafhing  it  with  water,  loft  nothing  of  it's  weight 
after  being  twelve  hours  boiled  with  dilute  phofphoric 
acid,  and  that  an  alkali  precipitated  nothing  from  it.  Ac- 
cording to  Margraaf,  the  addition  of  nitrous  acid  did  not 
render  it  capable  of  diflblving  this  metal,  which  fliows, 
that  Stahl's  idea  of  the  identity  of  this  acid  with  the  ma- 
rine is  not  well  founded. 

According  to  Wenzel's  experiments,  the  phofphoric 
acid  feized  upon  fome  lilver  that  had  been  produced  from  silver. 
hma  cornea,  and  actually  in  part  diflblved  it.  Some  pre- 
cipitated calx  of  filver,  on  digeftion  with  this  acid,  was 
coloured  black  j  and  although  there  was  no  appearance 
of  folution,  yet  after  the  evaporation  of  the  clear  liquor, 
a  faline  fubftance  remained,  which,  by  the  blowpipe, 
was  melted  to  a  dark,  dirty,  opake  glafs.  The  edulco- 
rated black  powder  expofed  to  a  red  heat,  became  yellow, 
and  by  a  ftronger  heat,  part  was  reduced,  and  part  vitri- 
fied, of  a  dark  colour.  Common  fait  precipitated  the 
folution,  bluifli  ',  likewife  the  alkalis  and  metals  precipi- 
tate filver  from  this  acid.  As  this  acid  does  not  precipi- 
tate this  metal* from  it's  folution,  of  itfelf,  Leonhardi 
thinks,  that  in  Margraaf's  experiments,  where  the  black 
flocculi  of  filver  were  depofited,  it  was  owing^  to  fome 
phofphorus  that  was  prefent,  as  that  fubftance  precipi- 
tates many  metals  in  their  metallic  flate. 

The  folution  of  the  calx  of  copper,  precipitated  by  an  Co;:p?r. 
artkali,  in  this  acid,  affords,  after    evaporation,  a  green 
tranfparent  mafs,  refembling  gum  arabic,  which  melts, 
by  the  blowpipe,  to  a  perfectly  dark  opake   glafs.     By 
Ai;!i:ed  alkalis,   the  folution^  according  to  W^nzel,  is  pre- 
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cipitat^  grwn,  but  by  zinc  and  iron,  in  it's  metallic 
fiate.  It  docs  not  precipitate  the  vitriolic,  nitron?,  or 
muriatic  lolution  of  copper,  but  precipitates,  that  of  ver- 
digris. The  phofphoric  acid  prepared  from  the  afhes 
of  bones  containing  a  faline  matter,  on  being  fluxed 
with  -js  of  the  calx  of  copper,  and  precipitated  from  it's 
muriatic  folutit)n  bv  an  alkali,  the  compound  is  a  fea 
green  glafs  ;  and  it  precipitates  in  the  moid  way,  copper 
difTolvcd  in  muriatic  acid,  vinegar,  or  the  acid  of  fat ; 
from  the  two  lall  acids,  of  a  white  colour.  Lavoifier 
found  metallic  copper  as  foluble  in  the  phofphoric  acid 
as  gold  ;  that  the  imion  of  the  calx  of  copper  was 
pofTiblc,  but  weak,  and  not  fixed;  and  he  employed  this 
acid  to  feparate  copper  from  iron.  Lavoifier  attributes 
this  ina<?lion  of  the  acid  upon  the  metal,  to  it's  great 
affinity  to  it's  pure  air,  which  prevents  it's  parting  with  it 
to  the  metal.  2vlargraaf,  it  is  evident,  therefore,  differs 
from  the  French  chemill ;  and  Ker  obferves,  that  proba- 
bly this  difference  beiwecn  the  two  illuftrious  chemiUs 
may  be  reconciled  by  fuppofiug,  that  this  acid  is  incapa- 
ble of  ■aS.ltig.direi^/y  on  copper,  but  that  by  ahforption  of 
air  from  the  atmofphcre,  it  becomes  capable  of  diflblving 
it  in  the  fame  manner  as  vegetable  acids  can. 

The  copper  which  this  acid  dilTolvc?,  is  retained  fo 
weakly,  that  it  may  be  feparatcd  by  adding  gold  to  the 
folulion,  which  metal  attrafts  the  copper  from  the  acid. 

From  what  has  been  already  faid  of  this  acid  with 
Iron,  iron,  it  appears  that  it  is  capable  of  uniting  with  it  in  two 

proportions.  According  to  Margraaf,  the  compound 
is  a  cr)'rtallizable  fait ;  but  according  to  Morveau, 
onlv  a  white  magma  fomewhat  deliquefccnt.  The  dif- 
ference of  thcic  refidts,  Ker  obferves,  depends  on  the 
different  degrees  of  jaturation  of  the  acid;  for  Wenzel 
relates,  that  this  acid  makes  a  clear  folution  of  iron,  and 
by  evaporation,  cryfials  may  be  formed  that  do  not  de- 
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llqaefce  in  the  air^  and  which,  by  heat,  are  changed  u\to 
a  srarnet  coloured  glafs ;  but  that,  if  the  foUition  of  the 
iron  be  continued  till  the  acid  is  faturated,  the  whole 
compound  of  acid  of  iron  will  fall  to  the  bottom,  and 
become  a  dry  adhefive  mafs,  infoluble  in  water,  and  fo- 
luble  in  fpirit  of  vitriol.  From  the  folution  of  this  pre- 
cipitate in  dilute  vitriolic  acid,  the  iron  may  be  feparated 
by  lime,  in  it's  metallic  ftate;  by  alkalis,  in  form  of  a 
gray  powder,  which  is  cryftallizable  on  account  of  a 
portion  of  phofphoric  acid  it  retains.  Lavoifier  received 
only  a  greenifh,  faline  fubllance,  foluble  in  water,  and  by 
further  faturation,  during  the  folution  and  evaporation, 
a  grayifti  white  precipitate. 

Of  all  the  compounds  of  this  acid  with  metallic  fub- 
flances,  that  with  iron  is  the  moft  intercfting,  as  it  is  faid 
to  be  owing  to  a  mixture  of  the  phofphoric  acid  in  cer- 
tain 'ores  of  iron,  that  this  metal  acquires  the  quality 
called  cold-Jhort,  which,  by  diminilhing  it's  ftrength,  ren- 
ders it  lefs  ufeful. 

Some  years  ago,  two  excellent  chemifts,  Meyer  and 

Berjiman,   obferved,   about   the  fame  time,   that   when 

cold-jhort  iron  was  diflblved  to  faturation  in  vitriolic  acid, 

the  folution,   particularly  after  having  been  diluted  with 

water,  let  fall  a  white  precipitate^  which  being  edulcorated, 

and  melted  in  a  crucible  with  powdered  charcoal,  gave  a 

white,  brittle,   and   fufible  regulus.     A  portion   of  this 

regulus  being  melted  with  a  quantity  of  good  iron,  gave 

this  iron  a  cold-  fhort  quality.     Hence  it  was  inferred 

that  this  metallic  fubftance  was  the  caufe  of  this  vicious 

quality  to  which  the  iron  made  from  certain  ores  is  fub- 

je£t;  and   Bergman,   as  Ker  obfcrves,   clalfed  it,  rather 

too  haftily,  as  a  n^w  femimetal,   to  which  he  gave  the 

name  o^  Jiderum,  apparently  from  it's  relation  to  iron, 

being  derived  from  the  Greek  word  <7tJrpo;,  fignifying  that 
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metal;  it  has  been  caWed/iJcri.'c  in  Englifli  and  French, 
and  wafiereifen  by  the  Germans. 

This  fubftance,  however,  did  not  long  enjoy  it's  new 
di{lin6tion  as  a  fcmimetal ;  tor  it's  difcoverer,  Meyer, 
and  alfo  Klaproth,  perceived  it's  fimilarity  to  the  com- 
pound made  from  iron  and  phofphoric  acid.  The  latter 
chemift  further  difcovcred,  that  the  fubftance  called  na- 
iive  P ruffian  blue  was  of  the  fame  compofition.  But 
although  the  rcfemblance  between  the  fiderite  and  the 
artificial  compound  of  iron  aud  phofphoric  acid,  gave 
ilrong  reafon  to  believe  in  their  identity ;  yet  the  proof 
ty  analyfis  was  not  obtained  till  Schcelc  added  this  to 
his  former  difcovcrics.  Although  other  acids  have  a 
Wronger  affinity  to  the  iron  than  the  phofphoric,  yet  it 
was  not  poffible  to  feparate  this  acid,  becaufe  thefe  acids 
may  actually  decompofe  the  fiderite ;  yet  the  phofphoric 
being  the  moft  fixed  in  the  fire,  the  other  acids  will  be 
expelled  bv  heat,  and  leave  the  iron  again  with  the  phof- 
phoric acid.  Schccle,  therefore,  had  recourfe  to  the  ef- 
feft  of  a  double  aflinitv.  He  prepared  a  quantity  of  the 
white  preciy)itate  of  the  fiderite,  by  diflfolving  cold-fliort 
iron  in  dilute  vitriolic  acid,  as  Meyer  and  Bergman  had 
done.  He  boiled  this  white  matter  in  a  fixed  alkaline 
]ey,  by  which  he  feparated  an  ochre  of  iron.  As  the 
filtrated  lixivium  contained  a  fuperabundancc  of  alkali, 
he  faturatcd  it  with  nitrous  acid.  He  obferved,  that  on 
dropping  a  little  of  this  faturated  liquor  to  lime  water,  an 
earthy  powder,  fimilai-  to  the  earth  of  bones,  was  preci- 
pitated, which  indicated  the  prefence  of  the  phofphoric 
acid.  He  tlien  poured  into  the  faturated  lixiviuu],  by 
deprees,  a  folution  of  mcrcurv  in  nitrous  acidj  till  no 
more  mercurial  precipitate  was  thrown  down.  This  pre- 
cipitate, which  was  a  compound  of  mercury  and  the 
pirofphorlc  acid,  he  mixed  with  charcoal  powder,  and  by 
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dirtillation,  obtained,  firfl:,  the  revived  quickfilver,  and 
then  a  phofphoras.  He  thus  afcertained  the  exiftence  of 
the  phofphoric  acid  in  the  white  calx,  which  precipitates 
from  folutions  of  cold-fhort  iron,  and  he  confirmed  by 
this  analyfis  the  fynthetic  refults  of  Meyer  and  Klap- 
roth.  He  had  previoufly  afcertained  the  juftnefs  of  this 
mode  of  analyfis,  by  trying  it  on  an  artificial  compound 
of  iron  and  phofphoric  acid.  It  is  evident,  as  Ker  ob- 
ferves,  that  in  Scheele's  experiment,  the  alkali  decom- 
pofed  the  fiderite,  feparated  the  iron,  and  remained  united 
with  the  acid  in  the  lixivium  ;  that  by  adding  the  folu- 
tlon  of  mercury  to  this  lixivium  (previoufly  faturated  by 
nitrous  acid,  in  order  to  engage  the  fuperfluous  alkali) 
the  phofphoric  acid  was  combined  with  the  mercury, 
and  this  compound  being  infoluble,  was  precipitated, 
while  the  alkali  united  with  the  nitrous  acid.  The  vola- 
tility of  mercury  by  heat  gave  an  opportunity  of  difen- 
gaging  it  from  the  acid,  while  this  acid,  uniting  with  the 
charcoal,  formed  phofphorus.  By  the  fame  procefs, 
Scheele  afcertained  the  prefence  of  the  phofphoric  acid 
in  the  itative  Prujfian  blue. 

Lelievre  has  difcovered,  near  Limoges,  a  perfe6l  native 
phofphat  of  iron,  /'.  e.  the  iron  is  entirely  faturated  by  the 
phofphoric  acid  ;  it  is  of  a  red  brown  colour,  is  femi- 
tranfparent,  and  has  a  foliated  texture. 

Even  when  concentrated,  this  acid  caily  afts  weakly 
upon  tin  ;  it  corrodes  it,  and  a  very  unpleafant  fmell  is  Tin. 
emitted,  according  to  Margraaf ;  at  the  fame  time,  the 
phofphoric  acid,  which  has  remained  upon  this  metal, 
neither  fuffers  any  precipitation  by  alkalis,  nor  is  there 
any  perceptible  lofs  of  weight  in  the  metal  itfclf.  There 
is  no  precipitation  even  by  tin,  in  a  folution  of  phofphat 
of  copper.  The  calx  of  tin  is  in  part  dilfolved  in  this 
acid,  but  in  imall  quantity ;  but  it  is  m  part  fu  changed 
as  to  be  very  vitrifiable  in  the  fire,  according  to  Weasel. 
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Quickfiiver.  According  to  Margraaf,  this  acid  has  no  a6lIon  on  the 
calx  of  mercury  precipitated  by  an  alkali.  Morvcau 
found,  thai  when  the  phoiphoric  acid  was  digeftcd  upon 
quickfilver,  alinoft  to  drynefs,  then  diflblved  again  and 
filtered,  on  the  addition  of  an  alkali,  a  whitifli  appear- 
ance was  produced,  but  by  evaporation,  abrownifli  mag- 
ma was  obtained ;  yet,  neither  could  the  vitriolic  acid, 
nor  ammonia,  nor  even  lime  water  deteft  the  prefcnce 
of  mercury  in  it.  Lavoifier  digcfted  diluted  phofphoric 
acid  with  pure  quicklilvcr  for  fome  months,  in  the  cold, 
without  any  eflccl. 

According  to  Margraaf,  this  acid  perfcftly  diffolves 

Arfciiic.  white  arfenic ;  the  evaporated  folution  affords  a  black 
mafs,  which  is  tenacious,  and  for  the  nioft  part  volatilifes 
on  expofure  to  heat.  It  has  very  little  or  no  a£lion  on 
the  regulus ;  according  to  Morveau,  a  drop  of  alkali  pre- 
cipitates from  the  acid  digeftcd  upon  it  a  white  earthy 
precipitate,  but  the  fccond  drop  rediffolves  it. 

2i„c  According  to  Wenzcl,  the  phofphoric  folution  of  zinc 

is  incapable  by  evaporation  of  being  brought  to  cryltallize, 
as  it  affords  only  a  white  tranfparcnt  mafs,  fimilar  to 
gum  arabic,  which  before  the  blowpipe  is  converted  into 
a  tranfparcnt,  eafily  fufible  glafs.  This  phofphoric  folu- 
tion is  precipitated  by  alkalis  to  a  white  vitrifTable  pow- 
der. The  uncryftallized  mafs,  according  to  Morvcau,  is 
eafily  diffolved  by  water,  without  decompofition. 

Crell,  reflecting  on  Scheele's  method  of  feparaiing  the 
phofphoric  acid  from  it's  union  with  fixed  alkali,  by 
means  of  the  double  afhnity  of  the  nitrous  acid  to  the 
alkali,  and  of  mcrcurv  to  the  phofphoric  acid,  con- 
trived a  new  procefs  for  obtaining  phofphorus  from 
bones,  viz.  by  melting  burned  bones  with  fixed  alkali, 
lixiviating  the  melted  mafs,  faturaling  the  fihrated  lixivium 
w  ith  nitrous  acid,  adding  to  the  faturated  liquor  a  folu- 
tion of  mercury  in  nitrous  acid,    till  the  precipitation 
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ccafed ;    and   laflly,   by  adding  to  the  precipitate  fome 
powdered   charcoal^   and  diftilling  the   mixture   till  the 
mercury  firft  came  over,  and  then  the  phofphorus.     lie 
propofed   afterward  to  fubftitute,  for   the  fake  of  cheap- 
i\e(s,  vitriol  of  -zinc  to   the   folution  of  mercury.     But 
AVeftrumb  affirms,  that  this  fubftltute  did  not  fucceed 
well,  little  or  no  phofphorus  being  thus  produced.  From 
the  experiments  he  made  on  this  fubjc*5l,  Weftrumb  con- 
cludes, that  vitriol  of  zinc  is  not  capable  of  decompofing 
completely  the  phofphorlc  fait  with  bafis  of  fixed  alkali  : 
2d.    that  the  phofphorlc    acid  united  with  zinc  cannot 
be  eafily  feparated  from  this   bafis,  but  that  they  rife 
together  in  the  form  of  flowers  :  3d.  that  this  acid  having 
a  Ilronger  affinity  to  zinc  than  to  any  other  metallic  fub- 
ftance,'^is  flill   lefs  capable  of  being  feparated  from   this 
metal  by  addition  of  inflammable  matter,  than  it  is  from       .^ 
iron,  when  united  with  this  latter  metal  in  the  fubftance 
called ^fl'^r«w.     Crell  remarks,   upon  Weflrumb's  con- 
clufions,  that  it  has  been  affirmed  by  other  authors,  that 
phofphorus  has  been  a6lually  obtained  by  diftilling  com- 
pounds of   phofphorlc  acid  and    zinc ;    and   that  even 
Morveau  had  obtained  a  littk  by  trying  the  procefs  which 
Crell  had  fuggefted,  although  not  enough  to  induce  him 
to  think   favourably  of   the   procefs   itfelf.     According 
to  Ker,   in  order  to  explain  the  diffi;;rcnce  of  the  refults 
which  occurred  to  different  chemlfts,   it  is  neccflary  to 
have  recourfe   to  one  of    the   mofl:  general   and  ufeful 
maxims  in  chemiftry,  viz.  that  bodies  combine  with  each 
otlier  in  certain  different  proportions,  and  that  their  affi- 
nity to  each  other  varies  in  ftrength  in  the  differently 
proportioned  compounds.     Thus  when  zinc  and  iron  are 
dire£lly  combined  with  phofphorlc  acid,  the  compounds 
formed  contain  a  much  larger  proportion   of  acid  tliaii 
the  precipitates  do,    which  are  depofited    fpontaneoufly 
from  the  folutions  of  thcfe  metals  in  that  acid,  or  from 
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the  folutions  of  other  phofphoric  falls,  by  adding  a  folu-' 
tion  of  iron  or  zinc  in  vitriolic  or  nitrous  tw^lds. 

If  then  the  former  compounds  of  phofphoric  acid  and 
iron,  in  which  the  acid  abounds,  be  mixed  with  charcoal, 
and  diftilled,  the  fuperabundant  acid  will  furnifli  phof- 
phorus.  But  whtn  the  precipitates  are  treated  in  the 
fame  manner,  the  fmaller  proportion  of  acid  adheres  too 
firongly  to  thefe  metals  to  yield  to  the  aftion  of  the  charw  ,| 
coal.  Hence  neither  Crcll's  proccfs  with  the  zinc  pre- 
cipitate could  fucceed,  nor  can  phofphorus  be  obtained 
ivom  Jldcrite  and  charcoal. 

Antimony.  In  the  moift  way,  according  to  Morveau,  the  phofpho- 
ric acid  diflTolves  a  little  of  the  regulus  of  antimony,  but> 
more  of  the  calx  precipitated  by  an  alkali.  From  this  fo- 
lution,  alkahs  and  zinc  precipitate  an  afh-gray  powder, 
eafily  vitrified  ;  and  by  evaporation,  a  dark  green  matter 
is  obtained,  very  tenacious,  which  foams  on  expofure  to 
heat,  and  is  converted  into  a  white  tranfparent  glafs. 
What  remains  of  the  undilfolved  calx  melts,  according 
to  VVenzel,  before  the  blowpipe^,  into  an  opake,  white 
glafs. 

«.r:ii..-h,  According  to  Morveau,  this  acid  attacks  bifmuih,  and, 

it  difiblves  in  part  the  calx  precipitated  by  an  alkah,  in 
fuch  a  manner,  that  from  the  clear  folution  cryftals  arifcy 
that  are  fixed  in  the  air,  and  foluble  again  in  water  j 
they  foam  in  the  fire,  become  black,  and  at  lafl  are  vola- 
tilized ;  it,  however,  in  part  changes  it  to  a  faline  pow- 
der, which  is  not  a6led  upon  by  nitrous  acid,  is  not  ftifi- 
ble  at  the  heat  in  which  copper  melts,  and  after  fome 
finokc,  is  baked  to  a  light  gray  porous  feoria. 

Alkalis  and  zinc  precipitate,  according  to  Wenzel,  th< 
cryftals  of  the  phofphat  of  bifmuth,  in  a  gray  powder, 
ealilv  vitrified. 

C.jbali.  According  to  Morveau's  experiments,  this  acid  had  no 

aolion  on  tlie  rcgulus  of  cobalt,  even  in  the  heat;  but  il 
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attacked  the  calx  at  the  boiling  point,  and  formed 
with  it  a  deep  wine-coloured  folution.  Crell  obfcrved, 
as  he  digefted  the  (aline  fubftance  (containing  this  acid) 
obtained  from  the  earth  of  bones,  at  firft,  a  yellow  folu- 
tion to  arife,  which  changed  to  a  white,  th^en  violet,  and 
at  laft  to  a  purple  coloured  hard  mafs.  Precipitated  co- 
balt with  the  above  phofphoric  acid  from  bones,  afforded 
in  the  cold  a  colourlefs  folution  5  but  on  boiling,  it  be- 
came as  fixed  as  the  regulus  of  cobalt.  By  folution  with 
water  a  reddilh  fluid  was  produced. 

Pulverized  manganefe,  according  to  Scheele,  although  Manganefe. 
it  diffolved  in  fmall  quantity  in  this  acid,  yet  afforded  at 
laft  a  faturated  folution.  According  to  Morveau,  the  fo- 
lution of  the  calx  of  this  metal  appeared  red ;  but  by 
ftaudins;  in  the  air  became  as  white  as  the  rea;uline  folu- 
tion  ;  again  became  red  on  being  filtrated  upon  the  calx, 
and  again  loft  it's  colour  on  expofurc  to  the  air.  Mor- 
veau accounts  for  this  change  of  colour,  from  the  affinity 
of  the  calx  to  the  principle  of  inflammability. 

We  are  informed  by  Cornette,  that  weak  phofphoric  Oils. 
acid  has  little  or  no  a6lion  upon  oils.  That  which  was 
to  water  as  19  to  8  mixed  with  an  equal  quantity  of 
aethercal  diftilled,  or  expreffed  oils,  of  a  fimilar  temper- 
ature with  itfelf,  at  firft  fell  down  to  the  bottom,  without 
effe£ling  any  change 5  but  on  being  ftirred  they  became 
thicker,  darker,  and  more  fixed  5  while  it  became  fome- 
what  refinous,  and  in  boiling  water,  in  which  it  was  very 
foluble,  appeared  milk  white.  Mild  drying  oils  produce 
lefs  heat  with  it,  become  at  firft  likewife  thickened  by  it, 
but  on  ftanding,  feparate  in  a  thinner  ftate  than  before, 
and  are  made  by  it  foluble  in  alcohol.  It,  however, 
retains  fomething  of  the  oils,  which  is  evident  from  it's 
milk-white  folution  in  water.  The  colour,  confiftence, 
and  heat  of  mild  fat  oils  are  iefs  changed  by  this  acid, 
*iud  they  do  not  become  foluble  in  alcohol^  in  confe- 
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quence.     No  oil  is  diftillcJ  with  this  acid  that  is  butyra- 
ceous,  and  no  foap  is  produced  with  it. 

According  to  Morveau,  this  acid  has  an  evident  effeft 
upon  oils  J  mixed  in  equal  parts  with  olive  oil,  it  becomes, 
by  agitation  alone,  of  a  fawn  colour,  which  remains  even 
after  the  feparation;  this  fliade  ftill  incrcafcs,*  if  the 
mixture  be  digefted,  the  acid  occupying  the  bottom  part 
is  thickened,  the  layer  of  oil  in  contacl  with  it  becomes 
black  and  carbonated,  the  whole  acquires  a  llrong  odour, 
refcmbling  that  from  a  mixtiu'C  of  ether  and  oil  of  tur- 
pentine; the  acid  preferves  this  odour,  even  after  having 
been  diluted  with  a  large  quantity  of  water,  and  filtrated  ; 
and  the  oil  dill  retains  it  after  dillillation.  Thus,  ihefetvvo 
fubflances  are  reciprocally  changedj  and  the  academicians 
of  Dijon  were  right  in  obferving,  that  this  circumflance 
ought  to  be  attended  to,  as  being  able  to  call  fome  light 
on  Dippel's  oil,  which  is,  perhaps,  only  the  produ6l  of 
the  ethereal  union  of  the  phofphoric  acid  with  theeflen- 
tial  animal  oil. 
Alcohol.  Margraaf  has  obferved,  that  the  phofphoric  acid  is  in- 

foluble  in  fpirit  of  wine;  this  has  been  confirmed  by 
Wcnzel ;  and  Rouelle,  as  before  obferved,  has  attempted, 
from  this  property,  the  purification  of  this  acid.  Wcn- 
zel places  the  acid  fait  of  urine  in  the  clafs  of  fub- 
ftanccs  infoluble  in  fpirit  of  wine.  De  Lailbne  and 
Cornette,  fiiy,  that  it  coagulates  the  phofphoric  acid  as 
■well  as  the  lymph  of  animals  j  and  Scheele,  in  his  Dif- 
fertation  on  Ether,  indicates  fpirit  of  wine,  as  a  very 
good  vehicle  to  take  away,  by  diftillation,  the  phof- 
phorus  that  may  happen  to  remain  in  this  acid;  yet,  a 
long  time  ago,  the  academicians  of  Dijon  obferved,  that 
from  the  mifcibility  of  thefe  two  fluids,  there  was  always 
a  lofs  on  purifying  the  phofphoric  acid  according  to  the 
proccfs  of  Rouelle.  This  obfervation  has  been  con- 
fined by  Layoificr,  \\ho  mixed  in  different  proportions. 


ACIDS."  151 

fj)Irit*fcf  wine  and  phofphoric  acid^fomeihnes  concentrated,  at 
other  times  phlegmatic -y  and  who  affirms,  that  the  eifefts  are 
much  the  fame  as  thofe  ariflng  from  the  mixture  of  this 
acid  with  water;  that  heat  is  equally  produced,  and  that  the 
thermometer  rifes  nearly  to  the  fame  degree.     Laftly,  in 
a  memoir  pubHflied  in   17S3,  the  Duke  de.  Chauhies 
recommends  the  ])urification  of  the  native  phofphat  of 
urine   by  fpirit   of   wine ;    and   aflerts,   that    the   acid, 
which  remains  in  the  retort  after  the  diflillation  of  the 
impure  fait,   is  dehquefcent ;  and  that  what  is  purified 
leaves  an  acid,    which  preferves    it's  tranfparency   and 
fohdity  in  the  air.     From  the  difference  of  thefe  che- 
mifts,    Morveau   is    of  opinion,   the  queftion  would  be 
difficult  to  determine,  if  the  greater  or  lefs  flate  of  pa- 
rity of  the   acid   they  ufed  was  only   confidered,   that 
which  Lavoifier  and  the   academicians   vifed  being  pre- 
pared by  the  combuftion  of  phofphorus.     But  he  thinks 
it  very  probable,  that  it  ftill  contained  fome  undecom- 
pofcd  phofphorus ;  and  it  is  well  known,  that  phofpho- 
rus is  foluble  in  fpirit  of  wine,  although  it  may  be  faid, 
that  fo  fmall  a  qwantity  could  not  ferve  as  an  intermedium, 
to  fo  large  a  portion  of  acid.     Morveau,  therefore,  con-     - 
eludes,  that  the  phofphoric  acid  does  not  form  an  excep- 
tion to  the  general  law,  which  fubraits  all  acids  to  foiu- 
tion  by  fpirit  of  wine,  only  in   proportion  as  they  lofe 
their  acid  charafters,   whether  by  taking  a  bafis,  or  by 
being  deprived  of  a  portion  of  their  acidifying  vital  prin- 
ciple, v^liich  brings  us  back  to  the  hypothefis  of  the  re- 
duction of  this  acid  to  it's  radical  vitriform  principle. 

We  are  informed  by  Lavoiliev  and  Cornette,  that  the 
phofphoric  acid  with  fpirit  of  wine  produces  heat  very- 
evidently;  but  that  this  acid  does  not,  when  ftrong  and 
difiilled  with  fpirit  of  wine,  afford  any  ether,  but  a  fluid 
which  approached  near  it  in  it's  inflammabiiity,  according 
to  ^lurveau.     It  had  an  unpleafaut  fmcll,  wliich,  as  weU 
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as  it's  manner  of  burning,  proceeded  from  a  portion  of 
phofphorus,  to  be  found  by  means  of  adding  water  to 
'the  cxtra6led  alcohol.  The  obtaining  however  of  a  phof- 
phoric  ether  is  faid  not  to  be  void  of  all  hope  ;  for  not 
only  Weftrumb  obtained  with  a  phofphoric  acid  (ex- 
tra6led  from  bones,  purified  by  Wiegleb's  method  from 
the  calcareous  earth  by  means  of  fpirit  of  ammonia,  and 
from  volatile  alkali  by  means  of  heat)  and  manganefe, 
diftilled  with  fpirit  of  wine,  a  fpirit  that  fmelled  very  like 
<^uinces,  and  which  on  re61:ification  left  a  white  earthy 
mark  in  the  retort;  and  by  inflammation  upon  v^'ater,  a 
rcfidue  refembling  garlick  in  fmell  ;  but  Cornette  like- 
wife  found,  that  on  diftilling  a  mixture  of  phofphoric 
acid  and  tartarized  alcohol,  a  fluid  firft  came  over  that 
fmelled  ftronglv  of  garlick,  then  one  that  was  ftill  ftrongcr 
having  the  fmell  of  ether,  which  tafted  very  differently 
from  fpirit  of  wine ;  and  as  he  extracted  frefli  alcohol  re- 
peatedly from  the  acid  refidue,  that  which  came  over 
fmelled  always  more  aromatic ;  even  after  he  had  mix- 
ed all  the  fluid  that  came  over  with  fixed  alkali,  a  red 
matter  fell  down  during  a  lively  effervefcence,  that  was 
difficult  of  folubility  in  water,  and  not  cryftuliizable,  and 
which  he  calls  (fchweflichtesy  or  olichtes  phofphcrfatz)  ful- 
phurated  or  oily  fait  of  phofphorus  (which  Lconhardi 
looks  upon  to  be  only  impure  phofphorus).  This  being 
feparated,  the  aromatic  fmelling  fluid  on  diftillation  gave 
5t  firft  a  fluid  that  fmelled  very  pleafant,  but  Icfs  cooling 
and  more  fuffocating,  and  which  tafled  very  differently 
from  vitriolic  ether;  it  mixed  difficultly  with  water;  and 
then  appeared  a  fluid,  lefs  pleafant  to  the  tafle  and 
fmell;  which  united  more  eafily  with  water,  and  feemcd  to 
approach  to  the  firft,  as  Hoflmann's  anodyne  fpirit  does  iq 
vitriolic  ether. 

Although  Margraaf,  Rouelle,  the  duke  de  Chaulnes,  and 
Other  chemifts  have,  direded  the  purification  of  the  phof- 
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phoric  acid  by  fpirit  of  wine,  yet,  according-  to  Kcr,  there 
is  reafon  to  believe  that  a  portion  of  it  is  foUible  in  this 
fpirit ;  for  Lavoifier  oblcrved,  that  not  only  heat  was  ex- 
cited on  mixing  thefe  two  fluids,  but  when  they  were  dif- 
lilled,  the  acid  was  volatilized,  as  the  liquor  which  paffed 
was  ftrongly  acid,  of  a  pungent,  unpleafant,  arfenical 
fmell,  inflammable  with  fmoke  and  mifcible  with  water 
in  all  proportions ;  it  precipitated  filvcr  and  mercury,  but 
not  gold  from  their  folutions,  and  although  not  an  ether, 
it  appeared  an  approximation  to  it. 

Prieftley,  who  had  obferved,   that  this  acid   faturated  Opinion  of 
....  ,  f.       ,         .     ,.  ,  Moiveau, 

With  red  nitrous  vapours  became  or  a  deep  indigo  colour, 

has  announced  another  praperty  of  it,  ftill  more  curious. 
Having  digefled  it  upon  fome  minium  from  which  he 
had  expelled  all  the  air  by  heat,  and  which  was  confe- 
quently  in  the  fame  ftate  as  when  it  affords  vital  air  by  the 
nitrous  acid,  he  obtained  by  means  of  heat  a  great  quantity 
of  elaltic  fluid,  that  came  over  in  a  very  turbid  flate; 
fcarcejy  precipitated  any  lime  water,  but  was  very  in-  ' 
flammable,  burning  with  a  brilliant  white  flame,  and  had 
the  odour  of  phofphorus  ;  the  minium  was  chanoed  from 
yellow  to  a  deep  gray,  and  almofl;  black  colour.  Mor- 
veau,  on  adding  this  fa6l  to  thofe  of  the  revivification  of 
gold  in  aquaregia,  and  the  flow  decoloration  of  a  phof- 
phoric  folution  of  manganefe,  is  inclibed  to  believe,  that 
the  phofphoric  acid  retains,  even  after  having  loft  it's 
flate  of  fulphur,  a  portion  of  phloglfton,  which  it  is 
able  to  yield  under  certain  circumfl;ances,  and  which  at 
leaft  gives  it  the  faculty  of  afting  like  the  phlogifticated 
acid  ;  but  on  confidering  all  thefe  phenomena,  it  is  ne- 
ceflary  to  be  guarded  againft  the  phofphorus  which  al- 
mofl; always  remains  undecompofed  in  the  acid.  If  alco- 
hol afflfls  in  volatilizing  it,  this  chemift  has  proved,  that 
it  contributes  at  the  fame  time  to  reproduce,  even  by  the 
lijoifl;  way,  a  new  portion  of  phofphorus  j  hence,  in  fuch 
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dehcate  experiments,  an  acid  ought  only  to  be  truflcd 
that  has  been  evaporated,  piidicd  nearly  to  a  vitreous 
ftate,  and  then  abandoned  to  deliqucfccnce.  To  diminifli 
the  lofs  of  the  acid  taken  away  along  with  the  water,  a 
retort,  or  at  leafl  a  matrafs  with  a  long  neck  fliould  be 
made  ufc  of. 

Jffinities  of  the  phojphoric  acid.  According  to  Berg- 
man, the  affinities  of  the  phofphoric  acid  are  in  the  fol- 
lowing order ; 

Lime.         Zinc.  Bifmuth.     Spirit  of  wine. 

Barytes.      Iron.  Antimony.  Phlogifton. 

Magnefia.   Manganefe.  Arfenic.       He  places  in  the 

Potafli.        Cobalt.         Mercury. 

Soda.  Nickel.        .  Silver. 

Gold. 
Platina. 
Water. 

Wenzel  looks  upon  this  acid  to  have  a  greater  affinity 
PhioMflon.  ^^  phlogifton  than  alkalis,  becaufe  by  the  aid  of  heat  it  is 
feparatcd  from  alkalis  in  the  ftate  of  phofphorus,  and  be- 
caufe phofphorus  is  neither  attacked  nor  decompofed  by 
alkalis.  But,  according  to  Morveau,  it  is  necelTary  to  re- 
colle«St,  ]ft.  that  it  is  only  the  ammoniacal|Dhofphatthat 
pafles  to  the  ftate  of  phofphorus,  and  that  parts  with  it's 
volatile  bafis  by  the  adion  of  heat  alone,  without  the  in-, 
tervention  of  a  third  fubflance  producing  this  decompofi- 
tion  by  it's  affinity  ;  2.  that  phofphorus  is  not  the  acid, 
and  even  does  not  contain  it  entire  ;  hence  it's  affinities 
are  different.  According  to  Bergman,  this  acid  comes 
after  the  vitriolic  and  dephlogifticated  muriatic  acids  in 
the  order  of  affinities  with  refpccl  to  phlogifton ;  it  is 
however  certain,  according  to  Morveau,  that  phofphorus 
is  not  decompofed  by  either  of  thefe  acids.  With  refpe6l 
to  the  firft,  Morveau  obfcrvcs,  that  phofphorus  melts 
in  it  by  the  affiftance  of  heat,  thai  it  then  rifes  to  the  fur- 
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face,  and  that  the  portion  in  conta6l  with  the  air  gives 
feme  tokens  of  combuftion,  but  the  reft  undergoes  no 
chano^e,  and  LalTone  and  Cornette  appear  to  have  obferv- 
ed  the  fame.  With  refpe£l  to  the  fecond,  phofphorus 
was  preferved  without  any  change  in  dephlogifticated 
muriatic  acid  gas  obtained  in  a  concrete  form  according 
to  Berthollet's  method,  /.  e,  in  the  highefl  degree  of  con- 
centration and  power.  It  is  unneceflary  to  inform  the 
reader,  that  with  refpecSl  to  the  affinity  of  this  acid  with 
phlogifton,  as  the  laft  principle  is  now  looked  upon  as 
merely  imaginary,  the  opinions  are  erroneous. 

Bergman  has  very  properly  placed  lime  as  fuperior  Lime^ 
in  affinity  to  alkalis,  although  the  authors  of  the  Ele- 
ments of  Chemiftry,  publifted  at  Dijon,  aflert  the  con- 
trary, viz.  that  alkalis  have  a  ftronger  affinity  to  this  acid 
than  earths.  According  to  Morveau,  if  a  cauftic  alka- 
line folutiou  be  poured  into  a  folution  of  calcareous  earth 
by  the  phofphorlc  acid,  an  abundant  precipitate  is  imme- 
mediately  formed ;  in  confequcnce  of  which,  it  may  be 
fuppofed,  that  the  alkali  has  a  greater  affinity  with  this 
acid  than  the  lime;  and  it  was  this  appearance  that  de-. 
ceived  Lavoifier  on  the  order  of  thefe  affinities,  and  Wen- 
zcl,  on  the  exiftence  of  a  peculiar  earth  in  ivorv  ;  but  as 
Ber2:man  obferves,  the  calcareous  earth  can  be  onlv  held 
in  folution  in  this  indance  by  the  e.xcefs  of  acid,  and  on 
taking  away  this  excefs  of  acid  by  an  alkali,  the  infokible 
earthy  fait  is  precipitated  ;  hence  it  is  not  a  fimple  earth, 
but  real  calcareous  phcfphat  that  forms  the  precipitate. 
Let  fome  lime  water  be  poured  into  a  folution  of  phofphat 
of  potafli,  and  a  precipitate  is  immediatelv  formed,  which 
is  the  phofphat  of  lime  ;  and  if  the  quantity  of  lime  water 
be  fufficient  the  whole  acid  wdl  be  thus  precipitated,  and 
the  alkali  alone  will  be  lett  in  the  liquor;  this  leaves  no 
doubt  of  the  fuperior  altra61ion  of  the  earthy  balls.  Tho 
cafe  is  different  if  a  mild  alkali  is  ufcd  ;  the  phofphat  of 
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lime  Is  then  dccompofod  by  double  affinity,  and  it  is  th« 
lime  united  to  the  fixed  air  that  is  preeipitated.  Accord- 
ing to  Morveau,  it  was  by  iiieh  means  that  the  Aeademi- 
cians  of  Dijon  decompofed  the  ofleous  earth,  on  treating 
it  in  the  dry  wav  wiih  an  alkali  that  contained  the  mcphite 
of  potafh. 

This  acid  gives  up  it's  earthy  bafcs  to  the  vitriolic,  ni- 
trous, and  muriatic  acids.  According  to  Kcr,  the  fupe- 
riorityofthe  afBnitles  of  ponderous  earth  and  magnefia 
is,  however,  not  well  determined;  neither  has  the  affinity 
of  thefe  earths  compared  with  that  of  alkalis  in  the  dry 
•wav. 
Q!j.-iiti.  This  acid,  in  the  humid  way,  when  pure,  has  no  aftion 

upon  quartz.  The  property  it  has  of  being  reduced  to  a 
s:iafs  of  itfelf  would  feem  to  announce,  that  by  the  dry 
wnv,  it  ou^ht  to  be  a  very  powerful  folvcnt  of  all  the 
earths  ;  but  experience  does  not  coincide  with  this  appa- 
rent analogy.  Morveau  in  1779  tried  it's  fufing  nature  in 
the  public  courfe  of  the  Dijon  Academy;  the  acid  obtained 
from  phofphorus  by  flow  combuflion,  or  as  it  is  impro- 
perly called  .by  deliquefccnce,  was  reduced  by  evapora- 
tion to  a  dry  and  almoft  folid  confidence,  it  was  mixed 
in  this  Rate  with  an  equal  weight  of  pure  vitrifiable  fand, 
expofcd  in  a  crucible  for  two  hours  to  the  moft  violent 
heat  of  Macquer's  furnace,  yet  the  mixture  was  not  vi- 
trified, (jnly  a  white,  porous  epake  niafs  was  found,  and 
fo  refra6lory,  that  part  of  the  crucible,  which  had  been 
melted  upon  it  into  a  glafs  from  the  violent  heat,  was  not 
able  even  by  conta6l  to  determine  it's  fufion.  This  ob- 
fervation  agrees  with  that  of  Bergman,  on  the  little  degree 
of  action  of  the  native  phofphat  of  urine,  employed  as  a 
flux  for  quartz  expofcd  before  the  blowpipe. 

Since  phofphoric  acid  has  fo  little  affinity  to  quartz,  it 
is,  according  to  Morveau,  perhaps  only  by.  it's  aflion 
upon  other  earths  or  fufing  faiinc  bodies,  that  it  attacks 
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giafs.  According  to  Ingenhoufz,  when  it  is  hot  it  tlif-. 
folves  giafs  exaftly  like  the  fiiior  acid,  but  it  is  not  certain 
whether  his  phofphoric  acid  wa^  pure,  and  particularly, 
exempt  from  the  mixture  of  undecompofed  phofphorus. 
The  experiments  of  Prieftley  are  more  detailed :  this  phi- 
lofopher  employed  an  acid  obtained  from  phofphorus  by 
deliquefcence  :  he  put  fome  of  this  to  the  height  of  one 
inch,  into  a  glafis  tube  30  inches  long,  and  one  third  of 
an  inch  in  diameter,  hermetically  fealed  ;  in  this  he  kept 
the  acid  boiling  feveral  hours,  without  any  evident  alte- 
ration 5  he  only  obferved,  during  the  ebullition,  a  white 
vapour,  which  arofe  from  1 3  to  18  inches  above  the  furface 
of  the  acid.  He  had  hitherto  kept  the  tube  in  a  vertical 
polition,  but  wilhing  to  turn  it,  to  let  the  liquor  pafs  to  the 
other  en<],  and  having  applied  the  flame  of  a  candle  to 
fome  part  of  the  tube  that  had  been  moiflened  with  the 
acid,  the  glafs  was  inftantly  covered  with  a  white  incruf- 
tation ;  and  having  repeated  this  procefs  at  each  extre- 
mity of  the  tube  alternately,  the  whole  foon  became  fo- 
lid,  and  the  only  remaining  humidity  in  the  tube  was 
that  adherins:  to  it's  fides,  which  it  was  impolnbk  to 
make  run.  A  curious  circumftance  in  this  experiment 
was,  that  when  the  tube  was  very  hot,  pencils  of  lioht 
were  fometimes  feen  in  the  interior,  extending  the  whole 
length  of  the  tube  ;  and  then  one  part  of  the  tube  aKvavs 
acquired  a  flight  ftratum  of  orange  coloured  matter,  equal 
to  that  which  remains  on  the  glafs  in  which  phofphorus 
has  been  burnt  in  the  open  air,  Thefr  phenomena  af- 
ford JNIorveau  no  doubt  but  that  the  acid  err.ploved'  par- 
took of  the  properties  of  phlogifticatcd  phofphoric  acid, 
whether  by  containing  fome  undecompofed  phofphorus, 
or  by  reproducing  it  from  the  contatSl  of  fome  phlogiftic 
fubftance  being  accidentallv  prefent  in  the  tube,  or  err 
the  furface  of  the  glafs.  Hence  tius  chemill  obfcrvcs,  it 
is  not  extraordinary  that  the  gUifs  was  in  ft.'mc  mcaiu^i^ 
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altaclced  and  covered  wiih  incruftations ;  hut  it  is  diffi- 
cult to  explain  what  Pricftley  adds,  viz,  that  the  white 
mattc-r  found  in  the  tubes  after  this  operation  did  not 
attract  humidity  from  the  air,  and  that  after  being  wafli- 
ed  it  did  not  preferve  any  fcnfible  humidity;  for  it  is  well 
known,  that  falts  formed  of  phlogiflicatcd  phofphoric 
acid  are  dehquefcent,  and  it  is  diflicult  to  conceive,  how 
the  water  which  renders  the  acid  liquid,  remains,  as 
Pricflley  fuppofes,  in  the  compofition  of  the  earthy  fait 
formed  at  the  expenfe  of  the  vitreous  matter,  without 
renderino;  it  more  foiuble.  Morveau,  not  fatisfied  with 
the  experiments  of  former  chemifts,  wiflied  to  know  from 
his  own  experience,  to  w  hat  degree  the  concrete  phofpho- 
ric acid  aAcd  upon  glafs ;  for  this  purpofe,  he  toak  a 
fmall  but  very  thick  phial  of  green  glafs  (white  glafs, 
from  the  manganefe  it  contains,  w-as  liable  to  error,  and 
being  charged  with  phlogifton,  is  colourlef?).  This  phial 
was  filled  with  phofphoric  acid  extracted  from  bones,  re- 
duced to  a  flate  of  tranfparent  deliquefcent  glafs,  and  af- 
terward pulverized,  ;*.  e.  the  pureft  that  can  be  obtained 
in  that  way,  the  orifice  covered  with  a  fmall  piece  of 
well  baked  pottery,  and  placed  in  a  crucible  filled  with 
quartz  fand.  After  being  expofed  to  the  fufing  heat  of 
a  furnace  for  one  hour,  he  found  the  phial  deprefled  in 
two  places,  as  to  the  reft,  but  little  deformed  ;  it  was 
however  nothing  but  a  vitreous,  folid,  and  homogeneous 
maf>,  of  a  very  light  green,  inclining  in  the  middle  to  an 
opal  whitenefs;  it  had  no  longer  any  favour  or  folubility; 
thus  the  two  glafles  were  perfectly  mixed.  At  the  be- 
ginning"a  few  vapours  had  pierced  through  the  fand,  as 
was  expelled,  and  had  (lightly  agglutinated  it.  This 
chemift,  however,  confcfles,  that  this  experiment  cannot 
be  looked  upon  as  abfolutcly  decifive  with  refpedrl  to  the 
pure  phofphoric  glafs  j  as  it  is  certain,  that  it  contained  a 


ACIDS.  15Q 

jjuantity  of  ouretic  glafs,  which  might  have  an  evident 
influence  on  ihe  refult. 

The  confiderable  ebullition  of  aluminous  earth  with  Chj. 
native  phofphat  in  the  eflays  by  the  blov/pipe  announces, 
according  to  Morveau,  a  fufficiently  marked  affinity ; 
hence,  he  has  obferved,  that  Heilian  crucibles,  in  which 
the  pureft  phofphoric  acid  was  puflied  to  vitriiicalion, 
were  covered  with  a  vitreous  coat.  He  does  not,  how- 
ever, think,  that  the  infolubility  of  the  mafs,  which  he 
looks  upon  as  the  phofphoric  radical,  can  be  attributed  to 
the  formation  of  an  aluminous  fait.  If  this  was  the  cafe, 
the  crucibles  would  be  eafily  perforated,  and  they  would  be 
at  leaft  evidently  affeAcd  throughout :  inftead  of  which, 
the  vitreous  coat  is  only  fuperficial  ;  and  what  is  worthy 
of  attention,  it  is  of  a  beautiful  tranfparency,  whilft  it  is 
at  the  centre  of  the  phofphoric  glafs,  and  far  from  the 
lides  of  the  crucibles;  and  fometimes  a  whiter  and  more 
opake  matter  is  perceived,  which  is  of  equal  infolu- 
bility. 

The  phofphoric  acid  gives  up  alkalis  to  the  vitriolic,  Aikaiia* 
nitrous,  and  muriatic  .acids,  even  to  the  acetous  in  the 
moid  way,  but  in  the  dry,  it  decompofcs  vitriols,  nitrats, 
and  alkaline  muriats.  It  has  been  thought  to  have  a 
ftronger  affinity  to  alkalis  than  thefe  acids,  becaufe  when 
a  mixture  of  phofphoric  acid  and  nitre,  marine  fait,  or 
vitriolated  tartar  is  expofed  to  a  ftrong  heat,  thefe  falts  are 
decompofed,  and  their  bafes  arc  ft)und  to  have  united 
with  the  phofphoric  acid  ;  but  this  effi;6l  does  not  happen 
in  the  humid  war ,  and  is  merely  the  confequence  of  the 
greater /x//)'  of  the  latter  acid,  by  which  means  ihe  other 
acids  yield  to  the  force  of  the  fire  and  are  evaporated. 

It  precipitates  filver  from   it's  nitrous   folulion,    and  Metal;. 
mercury  from  it's  nitrous  and  vitriolic  folutions. 

2.  Phojphorous  acid.     Some. years  ago   this   acid   was  pi,^,vi,o. 
confounded  with  the  phofphoric  :   cheniifh  had  no  idea  "^'""^-"^' 
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that  combuflible  bodies  might  be  united  with  diflyrent 
proportions  of  oxygen,  and  that  phofphorus  by  burning- 
flowly  formed  another  acid  from  what  it  did  when  a  ra- 
pid combuftion  took  place  with  deflagration.  It  was 
Lavoificr  who  made  it  known  in  1777j  that  the  acid  ob- 
tained by  a  complete  combudion  of  phofphorus  formed 
verv  different  combinations  from  what  it  did  when  the 
combuftion  w^as  flow.  In  1786,  when  Morveau  publiflied 
the  chemical  part  of  the  Encyclop.  Method,  this  acid  is 
diftinguidied  from  the  phofphoric  by  the  name  of  acide 
pbofi'horique  phlogijfiquc  'y  and  he  begins  by  obferving,  that 
as  the  nitrous  acid,  on  loading  itfelf  with  nitrous  gas,  be- 
comes phlogifticated  nitrous  acid,  fo  ought  the  phofpho- 
ric acid,  that  contains  a  certain  quantity  of  undecompofed 
phofphoruifi,  to  be  called  phlogifticated  phofphoric  acid  j 
the  principles  and  properties  of  thefe,  as  well  as  of  the 
phlogifticated  vitriolic  acid,  being  entirely  analogous,  and 
■  each  the  folutlon  of  a  fulphur  by  it's  own  acid.  Sage  gives 
this  acid  the  name  of  volatile  fuming  phofphoric  acid  ;  and 
Prouft  obferves  there  is  always  a  portion  of  this  vola- 
tile phofphoric  acid,  in  the  diftlllatioii  of  phofphorus, 
which  is  to  the  phofphoric  what  the  fulphureous  acid  is 
to  the  vitriolic.  The  beft  account  of  this  acid  is  given 
by  Fourcroy  in  his  Syjhme  des  Cznnvijj'ances  chimiques.  It 
is  weaker  and  not  fo  powerful  as  the  phofphoric  acid ; 
contains  lefs  oxygen  ;  and  is  the  produtSl  of  a  combuftion, 
long  and  only  luminous,  by  which  the  phofphorus  ab- 
forbs  a  fmallcr  quantity  of  the  acidifying  principle,  than 
when  the  combuftion  is  rapid  and  violent. 

How  pro-  As  the  phofphorous  acid  is  never  found  in  it's  natural 
ftatc,  it  is  prepared  artificially  by  coll«(Sling  it  in  a  proper  , 
apparatus  from  the  flow  and  only  luminous  combuftion  of 
pholphorus  expofed  to  the  air  of  the  atmofphere.  If 
phofphorus  be  left  expofed  to  the  atmofphere,  fo  that  the 
air  is  continually  renewed,  it  begins  by  it's  folutlon  In  the 
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azot  gas,  it  then  combines  by  degrees  wuh  the  oxygen, 
and  it's  acid  is  conveyed  into  the  atmofphere  in  the  (late 
of  gas,  whilfl  it's  Tucceflivc  formation  is  accompanied  by 
flafhes  of  light  eafily  obfervable  in  the  dark.  If,  how- 
ever, this  procefs  be  performed  in  a  clofe  apparatus,  with- 
out the  air  being  able  to  circulate  around  the  phofphorus, 
and  into  which  the  atmofpheric  air  is  only  permitted  in  a 
quantity  fufficient  to  keep  up  the  luminous  combuf- 
tion,  the  acid  formed  envelopes  the  phofphorus  with  a 
vapour,  white  during  the  day^  but  luminous  at  night: 
this  condenfes  on  the  furface  of  the  phofphorus^  and  at- 
tracting the  humidity  of  the  air,  diffolves  and  falls  in  the 
form  of  drops.  Thefe  drops  are  the  phofphorous  acid, 
but  the  proportion  of  the  principles,  phofphorus  and  oxy- 
gen, cannot  be  afccrtained  on  account  of  the  water>  which 
combining  with  the  acid,  liquifies  it» 

The  method  of  procuring  it,  therefore,  is  to  have  an  ap« 
paratus  that  will  admit  the  air  by  degrees,  and  receive  the 
acid   as  it  becomes  liquid.     For  this  purpofe,  rolls  of 
phofphorus  are  put  intoglafs  tubes,  open  above,  and  drawn 
to  a  point  below,  where  they  are  alfo  open ;   thefe  tubes 
are  placed  in  a  large  funnel,  fo  that  their  extreme  points 
n^.y  be  diredled  towards  it's  ftem,  which  is  received  in  a 
decanter.    By  fuch  means,  the  pieces  of  phofphorus  being 
ifolated,  are  not  heated  by  contact,  and  are  notfubjeiSt 
to  be  expofed  to  inflammation  by  a  rapid  combuftion, 
which  often  happens  when  placed  naked  by  each  other 
in  the  funnel.     The  funnel  and  decanter,  placed  on  a 
plate,  is  then  covered  by  a  glafs  bell,  having  two  fmall 
lateral  holes  with  ftoppers,  that  are  taken  out  or  not,  ac- 
cording as  it  is  neceflary  to  increafe  or  diminifh  the  com- 
buftion. The  bottom  of  the  bell  repofes  upfin  water,  with 
which  the  plate  is  covered,  and  which,  at  the  fame  time, 
affords  the  acid  a  proper  menftruum.     The  liquid  phof- 
phorous acid  runs  by  degrees  into  the  decanter,  and  about 
VOL.  II,  Al 
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three  times  the  quantity  of  the  phofphoriis  is  obtained  of 
it,  which,  before  it's  dificrcncc  from  the  phofphoric  acid 
was  known,  went  by  the  name  of  phofphoric  acid  by  deli^ 
quefc  me.  The  phenomena  accompanying  the  formation 
of  this  acid,  the  weak  hght,  and  infenfible  heat,  fo  diffe- 
rent from  the  burning  ardour  and  lively  flame  obferved 
during  the  preparation  of  the  phofphoric  acid,  prove,  ac- 
cording to  Fourcroy,  that  this  acid  not  only  differs  from 
this  laft,  by  a  fmaller  proportion  of  oxygen,  but  alfo  by 
the  ftate  of  this  acidifying  principle,  appearing  to  be 
much  lefs  folid,  and  retaining  more  heat  than  the  phof- 
phoric, and  thcfc  two  differences  explain  thofe  of  it's  pro- 
perties. 
It's  piopci-  The  phofphorous  acid  thus  prepared,  according  to  the 
procefs  of  Pelleticr,  is  in  the  form  of  a  white  liquid,  of 
the  confiftence  of  a  firup  fomewhat  ropy,  forming  ftriae 
on  the  glafs  like  an  oil ;  this  confiftence,  however,  varies 
according  to  the  ftate  of  the  air  during  it's  formation.. 
It  is  more  liquid  when  the  air  Is  very  humid ;  it's  fpeci- 
fic  gravity  appears  to  be  lomewhat  lefs  than  that  of  the 
phofphoric ;  it's  four,  fharp  favour,  which  fets  the  teeth 
on  edge,  is  not  very  different  from  that  of  the  phof- 
phoric, and  the  tafte  is  not  able  to  diftinguifli  them,  the 
excefs  of  the  phofphorus  in  this  not  being  evident.  It 
alfo  reddens  the  blues  of  vegetables  in  much  the  fame 
manner.  It  is  not  changed  by  light,  w-hich  it  refra£ts 
more  ftrongly  than  the  phofphoric,  from  it's  denfity. 
With  heat  it  is  very  different,  and,  according  to  Fourcroy, 
it  is  by  it's  action  it  is  to  be  particularly  diftinguifhed 
Differs  from  from  the  other.  When  the  phofphorous  acid  is  expofed 
phoric.  in  a  glafs  retort,  it  firfl  lofes  a  part  of  it's  water;  when 
concentrated,  blebs  fuddenly  arife  from  the  bottom  of  the 
veflTel,  and  burft  at  the  furface  of  the  liquid,  into  a  thick, 
white  fmoke,  fometlmes  inflaming,  when  a  fufficient 
quantity  of  air  is  in  the  apparatus.     If  this  experiment  be 
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made  in  an  open  veflel,  each  bleb  expofes  to  the  air  a 
vivid  deflaoration,  and  expands  an  infectious  odour,  as  if 
arifing  from  phofphorated  hydrogenous  gas.  Thefe  in- 
flammable blebs  continue  a  long  time,  and  the  phofpho- 
rous  acid  is  not  without  great  difficulty  deprived  of  the 
matter,  /".  e.  of  the  phofphorus  that  forms  them  by  it's 
difengagement,  and  thus  brought  to  the  ftate  of  very  pure 
phofphoric  acid.  This,  however,  after  a  long  operation, 
is  at  laft  effeAed,  and  the  remaining  acid  prefents  all  the 
properties  of  the  phofphoric  already  related.  In  making 
this  experiment,  it  ought  not  to  be  forgotten,  that  the 
phofphorous  gas  only  flies  off  when  the  phofphorous 
acid  isvery  concentrated  and  hot,  a  proof,  according  to 
Fourcroy,  that  phofphorus  not  faturated  with  oxygen 
adheres  to  it  very  ftrongly. 

There  is  very  little  affinity  between  oxygen  and  the  i''^  a^ion 

/  .  .        upondifff-- 

phofphorous  acid,  although  the  laft  is  not  faturated  with  rem  bodies, 
it,  arifing,  as  Fourcroy  affirms,  from  the  great  adherence 
of  phofphorus  in  phofphoric  acid.  To  produce  it,  it  is 
in  vain  to  expofe  the  phofphoroas  acid  to  oxygenous  gas, 
it  is  only  with  extreme  flownefs  it  abforbs  a  fmall  quan- 
tity. Indeed,  it  cannot  be  converted  into  the  phofphoric 
acid  by  thofe  means,  and  it  fucceeds  only  by  a  long  ebul- 
lition; even  the  glafs  made  of  phofphorous  acid  appears 
Hill  to  retain  a  portion  of  phofphorus,  as  it  differs  from 
that  made  of  phofphoric  acid,  by  exhaling  often  a  fetid 
garlic  fmell,  and  emitting  fparks  of  light  on  being  rubbed 
in  the  dark,  which  pure  phofphoric  glafs  will  not.  It  is 
the  fame  with  the  phofphorous  acid  expofed  to  the  air;  is 
very  difficultly  forms  phofphoric  acid,  in  fpite  of  the  ten- 
dency of  the  azot  gas  to  dilTolve  the  phofphorus  by  releaf- 
xng  it's  bond  with  the  phofphoric  aciJ.  It  may  beexpofed 
many  months  to  the  air  without  being  converted  into 
phofphoric  acid,  but  it  is  fomewhat  fooner  if  it  be  diluted 
with  a  quantity  of  water.    This  indifpofitioa  of  the  acid  to 

M  2 


19!|  ACID». 

change,  makes  it  differ  from  fevcral  other  acids  that  may 
be  compared  with  it  on  account  of  their  weak  acidifica- 
tion, and  the  fupcrabundance  of  their  radical. 

Hydrogen  and  hydrogen  gas  have  no  aftion  upon  the 
phofphorous  acid.  It  is  dcconipofed  by  carbon,  red  hot, 
which  feparates  more  ph*^phorus  from  it  than  from  the 
phofphoric  acid,  beaaufe  it  contains  more.  In  the  cold 
there  is  no  change  ;  fulphur  has  no  a6lion  upon  it  in  the 
cold,  nor  in  the  heat;  becaufc  the  cxcefs  of  phofphorus 
efcapes  before  it  can  unite  to  the  fulphur.  It  has  no  ef- 
feA  on  the  diamond.  The  aftion  of  this  acid  diluted 
with  water,  on  thofe  metals  that  decompofe  this  laft  fluid 
more  or  lefs,  differs  from  that  of  the  phofphoric,  by  the 
hydrogen  gas  difengaged.  This  gas  contains  a  fmall 
portion  of  phofphorus  in  folution,  which  renders  it  very 
fetid,  without^  however,  it's  being  inflammable  in  the  air, 
the  quantity  not  being  fufiiciently  great.  This  difengage- 
ment  of  phofphorus  diffolved  in  hydrogen  gas,  according 
to  Fourcroy,  announces  the  combination  that  takes  place 
to  be  only  that  of  the  phofphoric  acid  being  deprived  of 
the  fubftance  that  conftituted  it  phofphorous  acid. 

It  is  foluble  in  water  in  alT  proportions,  but  on  difen- 
gaging  this  liquid  in  order  to  conceritrate  it,  the  phofpho- 
rus towards  the  end  of  the  procefs  leaves  the  acid,  which 
becomes  phofphoric  acid.  It  cannot  therefore  be  had 
folid,  not  bccaufe  of  it's  adherence  to  the  water,  but  be- 
caufe  it  lofes  at  the  fame  time  by  the  hea^,  the  excefs  of 
phofphorus  from  which  it  derived  it's  diftinguiiliing  cha- 
rafter.  This  acid  unites  to  moft  of  the  metallic  oxyds 
with  which  it  forms  falts  nearly  infoluble.  Some  give 
lip  to  it,  even  at  a  low  temperature,  a  portion  of  their 
oxygen,  fo  that  by  approaching  to  a  metallic  ftate,  they 
convert  it  into  phofphoric  acid.  This  acid  is  llrongerthan 
the  carbonic,  and  weaker  than  the  phofphoric  acid ;  it  fe,- 
.parates  mod  bodies  united  to  the  firll,  even  water,  in  the 
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form  of  gas,  and  it  gives  up  to  the  fecond  almoft  all  it  is 
united  with. 

The  phofphorous  acid,  with  alkalis  and  earths,  forms  phofphites, 
falls  that  are  called  phofphites,  of  which  the  generic  cha- 
ra(9;ers  are,  to  emit  a  phofphorcfcent  flame  on  being  heat- 
ed J  to  give  a  little  phofphorus  when  expofed  to  a  great 
heat,  and  thus  repafs  to  the  {late  of  phofphat,  but  in  lefs 
quantity  than  before.  The  phofphite  of  potafh  has  a  fa- 
line  acute  favour,  very  little  luminous  before  the  bl6w- 
pipe,  very  little  deliquefcent,  very  foluble,  and  more  fo  by 
heat,  and  is  precipitated  by  the  folutions  of  Hme,  barytes, 
and  ftrontian;  it's  form  is  a  prlfm,  with  four  fides  tenni- 
nated  by  a  diedral  fummit.  Phofphite  of  foda,  is  a  four- 
fided  prifm,  with  a  pyramid  of  four  fides,  it  efHorefces 
ilightly,  is  fomewhat  more  foluble  by  heat  than  in  the 
cold.  Phofphite  of  ammonia,  affords  before  the  blowpipe 
ftr/ing  phofphoric  fparks,  and  a  flame  with  a  white  va- 
floury  ring,  and  furniihes  phofphorated  hydrogenous 
gas  by  diftillatien.  Phofphite  ammoniaco-magnefian 
imites  to  the  weak  property  of  the  preceding,  that  of  af- 
fording fulphat  of  magnefia  with  fulphuric  acid.  Phof- 
phite of  alumin  is  flyptic,  of  a  gummy  ccnfiftence,  and 
f'vvells  in  the  heat.  Phofphite  of  lime  is  in  the  form  of 
powder,  very  neutral,  pungent  when  acid,  not  to  be  de= 
compofed  by  any  bafis.  Phofphite  of  barytes  is  an  Infi- 
pid  powder,  very  luminous  before  the  blowpipe,  the  aci- 
dule  is  more  foluble  than  that  of  limej  it's  foliition  is 
rendered  turbid  by  lime  water.  Phofphite  of  magnefia 
is  infipid,  in  flocks,  or  very  fmall  tetraedral  cryftals,  it 
efflorefces,  and  is  very  little  foluble.  With  refpeft  to  the 
proportions  of  the  component  parts  of  the  phofphites^ 
they  are  as  follows  : 
Phofphite  of  potaih  . . .  .Phofphorous  acid  . .  .  .39.5. 

Potafh 49.5.     • 

Water 11, 
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Phofphite  of  foda Phofphorous  acid  . . ,  .16.3. 

Soda 23.7. 

Water 60. 

of  ammonia    Phofphorous  acid  . .  .  .26. 

Ammonia 51. 

Water 23. 

of  lime  ....  Phofphorous  acid  . .  .  .34. 

Lime 5K 

Water 15. 

of  barytes  . .  Phofphorous  acid  ...  .41.7. 

Barytes 51,3. 

Water  7. 

of  magnefia  . .  Phofphorous  acid  ...  .44. 

Magnefia 90. 

Water 36^ 

Phofphites  Chemifts,  without  fufpecVing  it,  have  been  employed  in 
"hfi')hafs'°'^  the  examination  of  alkaline  and  earthy  phofphites.  Fur 
ufing  the  acid  prepared  from  the  flow  combuflion  of 
phofphorus,  they  imagined  they  were  forming  phofphats, 
inftead  of  which  the  formation  of  phofphites  was  the  ef- 
fect. Hence  Lavoifier  obferved  on  the  combinations  of 
the  phofphoric  acid,  from  a  rapid  combuftlon,  that  if  the 
products  of  other  cii'emifts  were  different  from  his  own, 
it  arofe  from  their  employing  another  acid,  /.  e.  the  phof- 
phorous. It  is  to  Fourcroy  and  Vauqiiclin  that  we  are 
indebted  for  a  fyftcmatlc  invcftigation  of  thcfe  falts,  for 
before,  thefe  phofphites  were  little  or  not  at  all  known. 
Mf  ti.od  of  It  is  neceflary  to  recolleft,  that  the  phofphorous  acid 
•'n'^them'^"  differs  from  the  phofphoric,  by  a  lefs  quantity  of  oxvgcn, 
or  a  greater  proportion  of  phofphorus ;  that  it  is  formed  at 
a  lefs  temperature,  and  by  flow  combuftion,  that  it  may 
be  looked  upon  as  a  folution  of  phofphorus  in  the  phof- 
phoric acid;  although  it  cannot  be  thus  prepared,  becaufe 
the  heat  neceflary  for  this  folution  has  more  affinity  to 
the  phofphorus  than  this  laft  to  the  phofphoric  acid. 
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Hence,  when  liquid  phofphorous  acid  is  heated  fome  time, 
a  luminous  thick  white  vapour  arifes  in  the  dark,  which 
is  lighted  at  a  certain  degree  of  temperature,  and  is  vola- 
tilized phofphorus,  which  being  once  feparated  from  the 
phofphorous  acid,  leaves  it  in  a  (late  of  pure  phofphoric 
acid.  Thefe  chara6leriftic  properties  of  phofphorous  acid 
are  the  real  caufes  of  thofe  that  ferve  to  diftlnguifh  the 
phofphites. 

All  phofphites  are  the  production  of  art ;  by  uniting 
their  bafes  with  the  phofphorous  acid,  and  evaporating 
and  cryftallizing  the  folutions  when  capable  of  it,  and 
waftiing  them  well,  when  not.  Some  are  formed  by  a 
double  attraftion,  by  mixing  folutions  of  phofphites  with 
thofe  of  nitric  and  muriatic  falts.  Although  thefe  phof- 
phites agree  in  fome  refpefts  with  phofphats,  they  differ 
from  them  in  others.  Their  form,  when  fufceptible  of  a  Their  pro- 
regular  one,  is  always  more  or  lefs  different  from  that  of 
phofphats  with  the  fame  balls.  Their  favour  is  not  the 
fame,  that  of  phofphites  having  always  fomething  fetid, 
acid  and  of  garlick,  not  perceptible  in  phofphats. 

All  phofphites  are  fufible,  afford,  on  being  heated 
in  clofe  veffels,  a  little  phofphorus,  thus  palling  to  the  ftate 
of  melted  phofphats,  and  are  then  unchangeable.  Be- 
fore the  blowpipe,  all  melt  into  a  vitreous,  tranfparent,  or 
opake  globule,  and  all  emit  on  fufion,  a  phofphoric  light, 
often  even  fparks  of  flame,  accompanied  with  a  flrong 
fmell  of  garlick,  and  a  white  thick  vapour,  not  obferved 
in  phofphats.  After  this  vitrification,  they  are  converted 
ir^o  phofphats,  lefs  in  quantity  than  when  phofphites. 
They  undergo  no  change  in  the  common  air,  and  differ, 
as  to  the  water  they  contain,  according  to  the  fpecies.  ' 
Combuftible  bodies  have  no  more  effe£l  upon  them  than 
ppon  phofphats.  Some  are  very  foluble  in  watery  others 
weakly  J  and  others  not  at  all.  Several  are  more  foluble 
tfl  Jipat  than  cold,  and  cryftallize  ©n  cooling.     They  cftui^ 
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reduce  metallic  oxyds  by  contact  or  bv  bear,  and  then 
become  phofphats  by  taking  oxygen  from  thefc  oxvds. 
They  are  nearly  all  decompofed  by  acids,  even  by  fome 
that  are  -weaker  than  the  vegetable;  which  proves  this  aoid 
to  have  lofs  attra6lion  for  the  bafcs  than  the  phofphorio 
has.  This  lafl:  difcngages  the  phofphorus  from  them. 
The  phofphorous  acid  renders  feveral  phofphites  more  fo- 
luble,  to  whfch  it  adheres,  and  which  it  brings  to  a  ftate 
of  acidulous  phofphites.  The  nitric  and  oxygenated 
muriatic  acid  immediately  change  phofphites  into  more 
abundant  phofphats.  The  bafes  have  a  different  attrac- 
tion for  the  phofphorous  than  the  phofphoric  ;  hence 
phofphites  follow  different  laws  of  compofition  from 
phofphats.  Lime  and  magnefia  are  here  fuperior  to  fixed 
alkalis  in  attraclion,  and  barytes  yield  it  to  lime.  They 
in  general  decompofe  other  faline  earths,  except  thofe 
with  the  famebafis.  Nitrats  and  furoxygenated  muriats, 
with  which  they  detonate  by  heat,  change  them  into 
phofphats.  Suroxygenated  muriat  of  potafli  inflames 
and  detonates  with  them  by  fimple  percuffion,  from  the 
exccfs  of  phofphorus  they  contain.  They  often  '.'educe  to 
a  metalljc  ftate,  more  or  lefs  fo,  oxyds  diffolved  in  acids. 
Such  are  the  general  chara6lers  of  phofphites  as  defcribed 
by  Fourcfi'oy. 

The  phofphorous  acid  attacks  glafs  in  the  humid  way, 
but  it's  aftion  is  flow  and  very  weak,  and  by  no  means 
to  be  compared  to  the  a6lion  of  the  fluoric  j  it  however 
a6ts  more  powerfully  than  the  phofphoric  acid, 

Encycloped. Method,  art.  Acide  Phofphorique,  torn.  1. 
pan  1.  p.  202.  Chimie.— Firft  part  of  a  Di6lionary  of 
Chemiftry  by  J.  Ker,  art.  Phofphoric  Acid. — Philofophie 
Chimique,  p.  6,  63. — The  mofl  advantageous  methoj 
of  obtaining  phofphoric  acid,  by  Mr.  Sueron,  Apothecary 
9f  Kiel^in  the  Nordifch.  ArchiveSj  No.  2. — Boyle^s  Philo- 
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foph.  works,  by  P.  Shaw,  M.  D.  3  vo's.  art.  Artifi- 
cial Phofphori,  London,  1723. — Margraaf's  Chemifch. 
Schriften,  Berlin,  1768.  p.  31,  84.  1  Keil— Mac- 
qvier's  Chem.  Wcerterb.  3  K.  art.  Phofphorfaure. — Ac- 
count of  a  Memoir  of  Mr.  Proud:,  on  feveral  intcreft- 
inf  Points  of  Chcmidry,  Nicholfon's  Journal,  No.  45, 
p.  355. — Crell's  Neuefl.  Entdec.  t.  v,  f.  !35. — Journal 
de  Phyf.  par  Rofier.  t.  26.  p.  lS7/t.  28.  p.  30— 
De  Laflbne  and  Corvette,  and  in  Crell's  Chem.  Anna!. 
1786.  2.  p.  463,  Ueberretzt  von  Mem.  de  I'As-ad.  dcs 
Sciences  a  Paris,  1 780  — Wcnzcl  von  dcr  Verwandtfhaft, 
f.  220. — Crell's  Chem.  Journ.  t.  4.  f.  93. — Sur  le  Car- 
bone  retire  du  Phofphore,  Extrait  A'une  Lettre  de  M. 
von  Crell,  au  Citn.  van  Mons.  an  de  eh.  t,  23.  p.  325. 
1797. — Extrait  par  le  Citn.  van  Mons.  fur  la  Cryilal- 
lization  de  I'Acidc  Phofphoriquc,  ibid.  p.  74. — Syfte'me 
des  Connoiflances  Chimiques,  &c,  par  A.  F.  FourcroVo 
t.  2.  p.  43.  t.  3.  p.  230. 
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Tt  appeared  on  treating  of  fat,  that  by  the  dry  dillilla-  SvViadc 
tion  of  this  animal  fubftance,  befidcs  au  empyreuma- 
tic,  partly  fluid,  partly  coagulated  oil,  an  inflammable 
acid  liquor  was  obtained,  from  which,  by  repeated 
diftillaticn,  an  acid  may  be  procured,  known  by  the 
name  of  the  febacic  acid,  or  acid  of  fat. 

According  to  Fourcrov's  definition  of  it,  it  is  an  acid  Fomcrov'* 
extracted  from  fat  by  the  aexion  of  the  nre,  lifcewife  fe-  of  i:.^ 
parated  from  it  by  alkalis  and  lime,  with  the  affiftance  of 
a  ftrong  heat ;  it  is  a  white,  fuming  liquid,  of  a  very 
acid  tafte  and  fmell,  forming  cryftallizable  and  fixed  falts, 
with  earth  and  alkalis,  decompoling  the  muriat  of  mer- 
cury, and  is  decompofed  by  a  ftrong  heat. 

It  had  long  been  fufpeded,  from  tbefharp  and  fenfiblc 
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inipreffion  which  the  fnioke  of  the  fat  of  animals  nuiie 
on  the  organs  of  fniell,  that  it   contained  a  concealed 

BomeJiiuj.  acid.  We  are  informed  by  Morvcaii,  that  Olaus  Bor- 
richins,  in  the  Tranfaftions  of  Copenhagen  (Collecl. 
aead,  part,  etrang.  torn.  vii.  p.  374)  has  given  a  ftriking 
obfervation  of  the  danger  of  the  exhalations  which  arife 
from  melting  fat,  which  penetrate  the  nollrils,  the  eyes, 
and  even  the  lungs.  The  effefts,  however;  of  tliefe  exha- 
V  laliofis,  were  nearly  all  the  proofs  of  an  acid  exifting  in 
that  fubftancc.  They  were  likcwife  produced  from  the 
diftillation  of  vegetable  oils,  and  fome  animal  matters 
analogous  to  them,  and  by  the  atSticm  of  acids  in  the 
coagulation    of   fluid   oils.     It  was  principally  on  this. 

CartLeufar.  j^^^  phenomenon,  that  Cartheular,  in  his  Elements 
of  the  Materia  Medica,  printed  at  Frankfort,  in  1740, 
founded  his  opinion  of  the  exiflence  of  an  acid  in  fats. 

Thefc  opinion?,  however,  were  but  little  better  than 
conjecture ;  and  the  firR  pcrfon  who  proved  by  experi- 
ments, that  animal  fats  really  gave  out  an  acid,  was,  ac- 

Gnictzma.  cording  to  Leonhardi,  Francis  Gruetzmacher,  who  pub- 

piovedthe    liHied  a  ditTerlation  on  this  fubjcft,  at  Leipfig,  in  17'^ 8. 

exifteiice  oi      j     1753   a  more  exaft  analyfis  of  fat,  and  a  more  con- 

au  acid  in  <        '  .'  y 

^^'!*-  vincing  proof  of  the  exiftence  of  this  acid   in  fat,  was 

Riiades,       pnbliflied  by   Rhades,    at   Gottingen,  in   a  little   work 

entitled,   Difler.  de   Ferro  Sang.    Hum,    Alilfq.  Liqu. 

Animal. 
Segrier  and      j^^  1754,  Sc^ncr  and  Knape  publiflied  a  diflertatiori 

Knape.  '        7  ^  r        i 

on  this  acid,  which  contains  fome  well-made  and  inge- 
nious experiments  on  the  fuhjc6l. 
It'sexif-  The  experiments,  however,  of  thefe  chemifts  did  not 

icncc  op- 

pofed  by      prevent  d' Aumont,  when  the  firft  edition  of  the  Ency-. 

"'"°'''"   clopredia  came  out,  from  maintaining  againft  Cartheufar, 

that  this  acid   had  no  exiftence,  and   that  there  was  na 

fuch  a  fluid  to  be  obtained  in  the  analyfis  of  fats.     His. 

article  was  afterwards  corrected  in  the  fuppleijiicnts  of  the 
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great  Haller,  who  pofitiveJy  aflerted,  that  the  human  fat  Halicraf- 
and  marrow  afforded,  by  means  of  heat,  a  volatile  em-  2encc. 
p/reumatic  and  acid  liquor,  which  effervefced  with  alka- 
lis, reddened  the  firup  of  violets,  and  produced  cryftals 
by  it's  union  with  volatile  alkali. 

Macquer,   in  his  chemical  diftionary,  had  only  juft  jfag-uer!. 
mentioned  this  acid  j  and   it  is  to  Leonhardi  that  che- 
mifts  are  indebted  for  the  addition  of  the  article   Fett- 
faure  in  his  German  tranflation  of  that  excellent   work. 

For  the  moft  complete  difTertation  on  this  fubje(51:,  we 
are  obliged  to  Crell,  who  has  endeavoured,  by  a  number  ^^.^jj^ 
of  well-dire6led  experiments,  to  perfect  the  procefs  for 
the  feparation  and  re6lification  of  this  acid,  and  to  deter- 
mine the  properties  of  it's  combinati&ns  with  other  fub- 
flances.  It  is  from  the  memoirs  of  this  celebrated  che- 
mift,  fome  experiments,  repeated  by  Maret  in  the  public 
leftures  of  the  Academy  of  Dijon,  and  what  the  illuftri- 
pus  Bergman  has  faid  of  it  in  his  treatife  on  eleftive  at- 
tra6lions,  that  Morveau  has  digefted  the  article  y^^<7aV 
ttc'idj  in  the  Encyclopedie  Methodique.  ,    » 

OP   THE   PREPARATION   AND    RECTIFICATION    OF    THE 
^EBACIC   ACID. 

Crell,  in  order  to  feparate  this  acid  from  it's  o'l  as  it  is  His  metTiod 
obtained  by  the  diftillation  of  fat,  and  at  the  fame  time  f  '^^uining 

■'  '  the  ft'bacie 

to  procure  it  in  a  flate  of  concentration  fufficient  for  the  ^cid  pure, 
examination  of  it's  properties,  made  a  great  variety  of 
experiments^  the  greater  part  of  which,  it  appears,  only 
ferved  to  convince  hirn  of  the  difficulty  of  this  operation. 
Having  been  perfuaded,  from  his  experiments  on  fat, 
that  the  febacic  acid  was  fimply  difcn2:atrcd,  and  not  pro- 
duced during  the  diftillation,  he  conceived  the  hopes  of 
fixing  and  uniting  it  with  an  alkaline  bafis,  which,  at  the 
fame  time,  would  convert  the  oily  part  into  a  flate  of 
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foap,  fo  that  nothing  further  would  be  necelTary  than  tp 
feparate  the  neutral  fait  from  the  oily  parts  of  the  foapj 
and  experience  juftificd  the  theory  of  the  procefs. 

*'  I  covered",  fays  he,  "  exactly  8  ounces  of  recent 
quicklime,  before  it's  extinction,  with  one  pound  of  pot- 
afli,  and  I  left  thefe  two  fubftances  in  a  glazed  earthen 
vcffcl  ilntil  the  lime  began  to  be  cxtinguiflicd.  I  then 
poured  three  pints  of  water  upon  them,  and  reduced  it, 
by  means  of  ebullition,  to  one  quarter,  and  filtered  it. 
This  ley  was  found  to  be  as  ftrong  as  that  which  goes  by 
the  name  of  foap-boilers'  ley,  and  fupportcd  a  frefh  egg 
in  the  fame  manner.  1  then  took  one  quarter  of  this 
folution,  added  a  little  water  to  it,  and  boiled  it  with  one 
pound  of  ox  fuct,  imlil  all  the  humidity  was  nearly  eva- 
porated, and  the  whole  well  combined  together.  I  then 
added  to  it  the  remaining  parts  of  the  ley,  and  continued 
to  boil  the  whole,  (lirring  it  from  to  time,  until  the  mix- 
ture became  tranfparent,  and,  as  it  were,  mucilaginous, 
and  until  it  became,  on  cooltng,  of  a  gelatinous  con- 
fidence }  it  had  then  all  the  appearance  of  common  foap 
before  common  fait  is  added  to  it." 

The  next  circumftancc,  was  to  decompofe  this  foap, 
and  by  fuch  means  to  feparate  the*  oil  from  the  neutraj 
fait  that  would  be  formed.  To  do  this,  Crell  preferred 
alum  as  the  cheapeft  metliod;  and  beeaufe  he  had  no  fear 
of  it's  dccompofmg  the  febat  of  potalli  in  the  moift 
way. 

He  diflblved  the  foap  prepared  with  the  fat,  in  boiling 
water,  and  added  to  it  a  little  alum,  fligluly  broken. 
Scarcely  was  it  in  the  water  when  the  fixed  oil  arofe  to 
the  furface;  this  he  (kimmed  off,  and  repeated  the  pro- 
cefs of  adding  alum,  and  fkimming  it,  until  nothing 
more  arofe  to  the  furface.  He  then  filtered  the  ley, 
which  was  of  a  yellow  colour,  and  had  a  bitter  tafte,  in 
order  to  feparate  entirely  the  precipitated  alivtn,  as  well  as 
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fome  parts  of  the  fixed  fat,  which  flill, floated  on  the  top, 
and  he  evaporated  it  to  drynefs. 

Having  procured  by  thefe  means,  the  febat  of-potafli, 
he  endeavoured  to  difengage  the  acid  from  it  by  means  of 
alum,  in  order  to  he  certain  of  it's  paffing  over  without 
being  mixed  with  the  vitrioHc  acid  ;  but  he  recollected, 
that  the  conta6l  of  the  inflammable  matter  had  favoured 
the  decompofition  of  a  part  of  the  alum  ;  and  he  was 
convinced,  from  an  evident  odour  of  phlogifticated  vitri- 
olic acid,  perceptible  at  the  mouth  of  the  veflel,  that  the 
produ6l  would  not  be  lefs  changed  with  this  foreign  acid  5 
he  therefore  returned  to  the  ufe  of  the  vitriolic  acid,  as 
the  moft  fimple  method,  and  which  did  not  require  fo 
much  trouble,  or  fo  (Irong  a  fire. 

He  repeated  thefe  operations  more  at  large,  to  deter- 
mine exa6lly  the  proper  quantities,  and  after  many  trials, 
he  found,  that  to  fix  pounds  of  the  abovementioned  pre- 
pared foap,  of  a  gelatinous  confiftence,  it  was  neceflary 
to  add  nearly  22  ounces  of  alum  previoufly  ditfolved  in 
water;  that  after  having  filtered  and  evaporated  the  li- 
quor, nearly  21  ounces  of  fait  were  obtained,  part  of 
which  was  vitriol  of  potafh,  part  febat  of  potafli,  and  a 
little  alum  not  decompofed. 

To  three  parts  of  this  faline  refiduum,  four  ounces  and 
a  half  of  common  concentrated  vitriolic  acid  are  to  be 
added,  which  give  rife  to  heat  and  vapours  ;  the  whole  is 
then  to  be  dlftillcd  by  increafing  the  fire  by  degrees,  and 
the  produce  will  be  a  little  more  than  five  ounces  of  a 
yellow,  fuming  liquor,  which  is  the  febacic  acid. 

In  general,  this  acid  is  fufficiently  pure ;  it  is,  however, 
well  to  be  certain  of  it's  not  containing  any  vitriolic 
acid.  For  this  purpofe,  a  little  acetite  of  lead  is  to  be 
poured  on  it,  and  if  the  precipitate  be  not  perfe6lly  folu- 
ble  in  vinegar,  it  is  a  proof  of  the  formation  of  vitriol,  of 
lead,  and  that  the  febacic  acid  contains  a  portion  of  the- 
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vitriolic  acid.  But  the  mod  certain  mctboJ  is,  to  redif- 
til  the  fcbacic  acid  upon  a  portion  of  the  fame  fait ;  and 
it  is  on  this  account  that  Crell  recommends  the  referve 
of  one  fourth  part  of  it,  bccaufe  it  not  only  leaves  behind 
it  all  the  foreign  lalts  which  may  have  come  over  with  it, 
but  alfo  it's  yellow  colour. 

The  produl'^l  of  this  reftification  is  a  clear  colourlefs 
acid,  dill,  however,  fuming,  and  of  a  very  penetrating 
odour. 

According  to  Morveau,  this  acid  has  been  for  feveral 
years  demonflrafed  in  the  public  ledlures  of  the  academy 
of  Dijon,  by  Marct ;  and  the  proceffes  indicated  by 
Crell^  have  conftantly  fucceeded,  (vide  Nouvelles  de  la 
Republique  des  Lettres  de  M.  de  la  Blancherie.  Ann. 
1782.  No.  17.) 
Another  Inftead   of  reducing   the   fat  to  a  ftate  of  foap  by  an 

P'ocuiine    alkali,  it  is  generally  deconipofed  bv  quicklime,  in  the 
"•  following  manner :  The  fat  is  previoufly  melted  in  an 

iron  pan,  fome  pulverized  quicklime  is  then  added,  and 
at  the  beginning  it  is  con ftantly  kept  ftirring;  towards  the 
end  of  the  procefs  a  very  ftrong  heat  is  applied,  taking 
care,  by  railing  the  veffcl,  not  to  be  expofcd  to  the  va- 
pours. Wiien  the  whole  is  become  cool,  the  fat  is 
found  to  have  undergone  a  lofs  of  folidity ;  it  is  to  be 
boiled  in  a  large  quantity  of  water,  the  lev  filtered,  eva- 
porated, and  a  very  acrid,  brown  fait  is  obtaincil,  which 
is  the  febat  of  lime.  This  fait  is  very  foluble  in  water; 
but  as  it  would  be  too  tedious  and  even  difficult  to  purify 
it  completely  by  repeated  crvrtallizatlons,  it  is  eafier  ef- 
L  feft^d  by  expofing  it  to  a  heat  capable  of  roafting  the  oil 
that  blackci.s  it,  after  which  it  is  fufficiently  purified  by 
one  folution ;  it  leaves  it's  oil  on  the  filter  in  a  fiate  of 
coal,  and  nothing  remains  but  to  evaporate  it. 

As  it  is  better  to  add  more  lime  than  is  necefTary  for 
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iaturaiion,  in  order  to  multiply  the  points  of  cdnta6l,  and 
to  render  the  decompofition  of  the  fat  complete,  the  folu- 
tion  generally  contains  aiittle  quicklime,  and  this  is  eafily 
taken  away  by  the  addition  of  fome  water  impregnated 
with  carbonic  acid,  which  does  not  decompofe  the  febat 
of  lime. 

This  fait,  diftilled  in  vitriolic  acid,  gives  up  it's  febacic 
acid  in  the  fame  manner  as  the  febat  of  potaili. 

Nature  and  properties   of  the  febacic  acid.       This  acid*,  Pure  frfia- 

cic  acid. 

when  pure,  is  a  pellucid,  colourlefs  fluid  ;  but  deprived 

of  it's  water,  it  is  in  a  gafeous  form.     When,  however, 

it  is  iuft  extricated  from  fat,  it  is  united  with  part  of  the  It's  proper- 
ties. 
oil,  which  gives  it  a  gold  yellow,  or  reddifli  colour.     The/ 

a<Slion  of  the  fire  likewife  gives  it  a  yellow  colour. 

It's  aroma  is  infupportably  firong,  penetrating  and 
fufibcating. 

It's  favour  moderately  acid,  fliarp,  and  burning. 

It  reddens  the  tinfture  of  litmus,  but  fcarcely  the  firup 
of  violets,  and  it  effervefces  with  alkalis  and  earths  in 
their  mild  ftate.  United  wiih  potalh  to  the  point  of  fa- 
turation,  it  forms  quadrilateral  daggerfhaped  cryftais, 
fixed  in  the  air.  To  the  tafte,  they  are  iharp,  faline, 
nearly  ammouiacal,  but  milder.  This  fait  does  not  in- 
flame m  the  fire,  or  decrepitate  when  cait  on  red  hot 
coals.  On  diftillation,  gray  vapours  arife,  which  form  a 
gold  yellow,  but  very  weak  acid,  of  the  fmell  of  fpirit  of 
tartar  :  the  refiduum  is  alkaline  and  mixed  with  coal.  It 
is  decompofed  by  the  vitriolic,  nitrous,  and  muriatic 
acids  ;  and  on  diftillation  with  thefe,  it's  acid  part  is  forced 
over.  Alum  has  the  fame  effeft.  On  the  contrary, 
vinegar,  flaor  and  pbofphoric  acids,  and  white  arfejjlc, 
are  .incapable  of  decompofing  tliis  fait*  in  the  drv  wav, 
and  conlequently  of  liberating  it's  acid.  This  fait  is  the 
febaceu7n  pot':JftnuTn  of  Bergman,  or  the  febat  of  potafli. 

With  fuda,  it  forms  bruvvnidi  cryflals,  which  by  rao- 
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derate  fufion,  foluiion,  and  evaporation,  although  Tome- 
what  diflkuh,  yet  at  lall  i'orm  white  fpcarfliapcd  crvftals. 
This  fait  duHquefces  by  a  gentle  heat,  but  becomes  folid 
again  on  cooling;  from  which,  as  a  nruldle  puint,  four- 
cornered  cryilals  arife,  ending  for  the  mod  part  in  three- 
cornered,  pointed  pyramids.  In  the  air,  they  efSorcfce 
and  become  white.  They  refemble  in  tafte,  terra  foliata 
tartar  i. 

.  The  febacic  acid,  faturated  with  volatile  alkali,  affords 
a  white  ammoniacal  fait,  capable  of  fublimation,  and  re- 
fcmbling  common  ammoniac  in  taftc,  and  it's  coaling 
property,  but  which  cannot  volatili-r;e  iron  and  bloodftone 
in  the  fame  manner  as  common  ammoniac. 

With  lime,  this  acid  forms  an  earihy  fait,  producing 
fexansjular  cryftals  terminating  in  a  flat  furface.  The 
taftc  is  fliarp  and  faline,  but  not  fo  burning  as  the  tnuriat 
of  lime.  It  is  eafily  foluble  in  waterj  but  infoluble  in 
alcohol  J  nor  does  ic  dcliqucfcc  in  the  air.  It  is  not  de- 
compofcd  by  alum. 

It  docs  not  form  a  cryftallizable  fait  wi£h  mSgnelia^ 
but  unites  with  it  into  a  gummy  bitterifli  mafs,  ivhich  is 
very  deliqucfcent  in  the  air,  called  by  CreH,  fal  amafum 
animale. 

This  acid  unites  to  the  earth  of  alum  wilh  the  greateft 
difficulty.  This  earth,  precipitated  by  fixed  alkali,  and 
flill  moid,  on  being  diffolvcd  and  expofed  to  evaporation, 
formed  with  it  a  (liapclefs  ftdt,  that  was  harfh,  and  con- 
tracted the  organs  of  tafte. 

This  acid,  according  to  Crell,  has  no  aftion  on  filex  j 
but  Morveau  is  difpofed  to  believe,  that  it  a6ls,  if  not 
upoiTpure  quartz,  at  leaft  upon  glafs.  Crell  having  di- 
gefted  it  feveral  times  upon  gold,  always  obtained  a  white, 
earthy  precipitate,  which  was  not  calcareous  earth;  and 
Morveau  thinks,  that  the  acid  afts  upon  glafs  in  a  fimilar" 
v:ixy  to  the  fluor  acid.     This  conjctture  appears  to  him 
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probable,  from  obferving  fince,  that  the  empyreumatic 
firupy  acid  attacked  and  very  fenfibly  wafted  the  glafs. 

The  febacic  acid,  boiled  upon  gold  leaf,  and  upon  pla- 
tina,  appears  to  commence  a  folution,  but  fo  weak  that 
Crell,  after  many  experiments,  defires  a  further  examina- 
tion. When  mixed  with  the  nitrous  acid,  it  diflblves 
gold,  even  in  the  cold ;  it  unites,  although  difficultly, 
with  the  calx  of  gold,  and  forms  a  cryftallizable  fait;  it 
does  the  fame  with  the  precipitates  of  platina.  The  one 
affords  yellow,  the  other  yellowifh  brown  cryftal?.  It 
precipitates  gold  from  it's  folution  in  aqua  regia  of  a  yellow 
colour,  and  platina  of  a  yellowifh  red.  Thefe  precipi- 
tates, when  edulcorated,  attra6l  moifi:ure  from  the  air; 
but  that  of  the  platina,  which  is  become  grayifli  yel- 
low, the  ieaft. 

It  diffolves  metallic  filver  in  fmall  quantity,  which  is 
precipitated  by  muriatic  acid,  of  a  white  colour,  and  by 
copper,  in  the  form  of  metal.  By  means  of  long  di- 
geftion,  this  acid  diflblves  the  calx  of  filver,  and  affords 
fmall,  dark  coloured  cryftals.  It  precipitates  this  metal 
from  it's  folution  in  the  nitrous  acid,  of  a  white  colour ; 
it  deprives  the  vitriolic  acid  of  it's  filver,  but  yields  it 
to  the  muriatic. 

By  repeated  extraftion  from  living  mercury,  it  changes 
it  into  a  filver  coloured  mafs,  which  is  not  deconipofed 
by  common  fait,  but  refigns  it  to  copper  in  a  metallic 
ftate.  It  deprives  the  nitrous  folution  of  mercury  of  it's 
metal.  The  precipitate  obtained  from  corronve  fubli- 
mate  is  in  great  part  diffolved  by  it  in  the  cold,  and  the 
extra6:ed  folution,  by  a  moderate  heat,  aflbrds  a  real 
white  fublimate,  which  is  extremely  difficult  to  be  dif- 
folved in  water,  even  by  a  digefling  heat,  and  aflbrds  a 
white  precipitate  with  potafh,  which  is  therefore  very 
different  from  the  conunon  corrofive  fublimate.  With 
volatile  liver  of  fulphur,  this  folulicu  affords  a  black  pre- 
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cipitate,  which,  in  a  fliort  time,  lc3v?3  a  cinnabar;  it 
colours  copper  white,  even  when  rubbed  upon  it  in  a  dry 
ftate.  The  fokition  of  common  corrofive  fubhmate  pre- 
cipitates the  fcbacic  acid  white,  which  is  a  pecuhar  cha- 
ra6ler  of  it^  and  fhows  that  this  acid  prefers  mercury 
before  any  other.  This  acid  changes  thefurface  of  cop- 
per, even  in  the  cold,  to  a  green  colour  j  but  by  the  affift- 
ance  of  heat,  a  folution  is  obtained,  which,  on  evapo- 
ration, is  inclined  to  cryftallize,  but  dcliquefccs  again  in 
the  air.  It  neither  takes  this  metal  from  the  vitriolic  nor 
nitrous  acid. 

With  iron,  it  affords  a  folution  of  an  aftringent  tafte, 
and  needle-fliaped  cryflals,  which  deliquefce  in  the  air. 
It  neither  precipitates  iron  from  it's  vitriolic  nor  nitrous 
folution. 

It  only  corrodes  lead  in  it's  metallic  ftate,  and  caufes  a 
•  turbidnefs.  It  diffolves  minitmi  in  larger  quantity,  and 
changes  the  infoluble  remainder  to  a  white  powder. 
This  febacic  folution  of  lead  has  a  fweetidi  tafte,  and  is 
not  decompofcd  by  common  fait.  It  precipitates  lead 
from  it's  nitrous  folution,  and  forms  with  it  white,  ncedlc- 
fhaped  cryftals,  eafily  folubl^  in  water,  which  being  eva- 
porated a  pulverized  mafs  is  produced,  not  very  capable  of 
imbibing  moifture,  but  decomqiofable  by  the  vitriolic 
acid.  According  to  Bergman,  it  decompofes  the  muriat 
of  lead.  It  precipitates  the  folution  of  the  fugar  of 
lead,  of  a  white  colour,  yet  this  precipitate  is  again  dif- 
folved  by  ftrong  vinegar,  when  it  is  perfeilly  free  of  vitri- 
olic acid. 

It  corrodes  pure  tin  filing  in-the  cold,  but  more  fo  by 
heat,  to  a  vcllow  powder,  from  which  an  extremely  dif- 
agreeable  fmcll  arifes ;  by  repeated  filtration,  this  iVill 
remains  turbid;  but  after  repofing  fome  time,  it  depofits 
a  yellow  powder,  and  receives  a  beautiful  rofe  colour. 
Th-is  yellow  corroded  powder  affords,  with  water,  a  white 
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hhf  \\hich  readily  deliquefces  in  the  air.  It  deprives  the 
rcouhnc  acid  of  it's  tin.  According  to  Bergman,  this 
acia  likewife  deconipofes  the  muriat  of  tin. 

The  fcba-cic  acid  has  no  cffeft  on  the  rrgulus  of  anti- 
mony in  the  cold  ;  but  it  readily  diflblves  it  by  means, of 
heat,  and  produces,  on  evaporation,  cryftals,  which  are 
fixed  in  the  air.  If  this  acid  be  added  to  a  dikited,  fatu- 
rated,  reguhne  folution  of  antiinony  which  has  been  fil- 
tered, and  becomes  no  longer  turbid  by  the  addition  of 
water,. a  white  precipitate  takes  place,  which,  after  edul- 
coration,  d  gcftion  with  water,  and  evaporation  of  the 
filtered  fluid,  affords  a  whitiHi  yellow  powder,  that  be- 
comes moift  in  the  air,  and  produces  fmall  cryflals.  Ac- 
cording to  Bergman,  of  all  the  acids,  the  febacic  moft 
readily  unites  with  the  regulus  of  this  metal. 

It  readily  dillolves  zinc,  and  in  great  quantity  3  but  does 
not  decompofe  the  vitriolic  and  nitrous  folutions  of  this 
m£tal. 

This  acid  has  no  effeft  on  blfmuth  in  it's  metallic 
(late,  even  by  a  digefting  heat.  It  diffolves,  however,  it's 
calx  precipitated  from  nitrous  acid,  in  the  cold.  This  is 
precipitated  by  water,  in  the  form  of  a  white  powder,  al- 
though neither  the  vitriolic  nor  muriatic  acid  has  any 
effeft.  This  acid  alfo  produces  from  the  common  folu- 
tion of  bifmuth,  a  white  powder,  although  the  folution. 
has  been  made  by  fo  diluted  a  nitrous  acid  as  not  to  be 
changed  by  the  addition  of  water.  The  edulcorated  pre- 
cipitate, digefted  with  water,  filtered  and  evaporated,  af-  , 
fords  a- white  deliquefcent  refiduum. 

It  has  no  effe£l  on  the  regulus  of  cobalt,  but  readily 
diflblves  it's  calx.  This  folution  mixed  with  faltpetre, 
and  evaporated,  affords  a  fait,  which  diflblved  and  exfic- 
cated,  forms  a  fympathetic  ink.  It  does  not  precipitate 
cobalt  from  it's  nitrous  folution. 

«  3 
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It  tlocs  not  cJifTolvc  nickel  in  it's  metallic  (late,  but 
forms  with  it's  calx  a  green  folution.  This  is  not  decom- 
pofed  by  the  muriatic  and  nitrous  acids. 

It  fpavingly  diirolves  white  arfcnic  in  the  cpld,  by  the 
means  of  heat,  more  abimdantly;  on  becoming  cool, 
Imal!  crvftals  are  depofited. 

It  has  no  eflfeft  on  the  nitrat  of.  arfenic.  It  reduces 
white  arfenic  by  diftillation.  It  diflblves  manganefe  in 
quantity,  forming  a  clear  folution,  but  does  not  decom- 
pofe  the  nitrous  folution  of  this  femimetal. 

Mixed  with  an  equal  quantity  of  highly  re£lified  fpirit 
af  wine,  it  fmoaks  without  becoming  very  warm.  If 
this  mixture  be  extra(51:cd  by  a  gentle  heat  after  a  previous 
digeftion  for  fix  hours,  it  gives  a  liquid,  which  when 
added  to  water  produces  a  milky  appearance,  and  by  de- 
grees depofits  an  oily  fluid,  aad  is  a  kind  of  febacic  oether 
or  naphtha. 

The  acSlion  of  the  febacic  acid  on  oils  has  not  been 

examined. 

Thf  affini-       With  refpeft  to  the  affinities  which  the  febacic  acid 

tirs  accord-  ,  i  c   i   /^  »  •  i        -o 

u.g  tuiicrg-  has  to  other  iubftances,  they  are  given  by  Bergman  m 

man. 


the  foUowino; 

order ; 

Aloiji  IV ay. 

Dry  way. 

Lime. 

Lead. 

Lime. 

Barytes. 

Tin. 

Barytes. 

Magnefia. 

.  Copper. 

Mao;neiia. 

Potafh. 

Bifmuth. 

Potafh. 

Soda. 

Antimony. 

Soda. 

Ammonia. 

Arfenic. 

Calces  of  Metals. 

Argile. 

Mercurv. 

Ammonia. 

Calx  of  Zinc. 

Silver. 

Argile. 

Iron, 

Gold  and  Platina. 

Manganefe. 

Water. 

Cobalt. 

Alcohol. 

Nickel. 

Phlogifton. 
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Fiom  this  ftate  of  affinities  it  feemSj  Bergman  has 
placed  the  earths  before  the  aJkalis ;  yet  he  appears  to  be 
doubtful  of  the  alkalis  yielding  this  acid  to  the  earths, 
and  on  perufing  his  differtation,  he  feems  more  willing 
to  believe  that  the  contrary  ought  to  take  place.  This 
celebrated  chemift,  however,  has  not  faid  upon  what 
ground  he  formed  this  conjefturej  but  Morveau  has 
feen  it  confirmed  with  refpcft  to  the  cauftic  potafli, 
which  very  certainly  decompofes  the  febat  of  lime. 
Morveau,  therefore,  has  prefentcd  a  table  of  affinities  of 
this  acid,  in  the  Encyclop.  Me'thod.  for  the  moift  zvay,  m 
the  following  order,  acquainting  his  reader  ihat  the  place 
of  the  barytes  is  not  yet  well  determined.  According 

L.  '  .  ,  lo  Monean. 

ijarytes.  Alum. 

Potalh.  Metallic  calces. 

Soda,  Water. 

Lime.       •  Alcohol, 

Magnelia.  Phlogillon. 

Ammonia. 
In  the  dry  way^  the  metallic  fubftances  go  before   am- 
monia and  alum.     It  attracts  alum  fo  weakly,  that  if  a 
folution  of  alum  be  poured    into  a  folutjon  of  febat  of 
Jmie,  no  precipitation  takes  place. 

Diftilled  upon  alkaline  vitriols,  it  difcngages  a  little  ful-r 
phureous  vitriolic  acid;  this  decompofition  takes  place, 
according  to  Morveau,  by  means  of  the  phlogillon, 
which  the  mofl  pure  febacic  acid  always  contains. 

It  is  not  aftonifhing  that  it  precipitates  the  acidulous 
tartrite  of  potaih,  when  poured  into  a  folution  of  tartar  of 
potafh,  and  alfo  the  nitrat  of  potaffi,  although  the  nitrous 
acid  deprives  it  of  the  alkali,  in  the  moift  way,  becaufe, 
according  to  Morveau,  in  the  dry  wav,  thq  nitrous  acid 
becomes  weak  by  phlogifton.  With  rcfpecl  to  the  mu- 
riatic acid,  when  diftilled  with  the  febat  of  potafh,  the 
acid  which  comes  over,  Crell  fays,  precipitates  the  cor- 
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rofive  niLiviat  of  nicrcnrv,  of  a  \^  hite  colour,  which  is 
the  charaiStcridic  of  the  fehacic  acid  ;  hence  Bergman, 
vvlio  had  under  his  eyes  the  work  of  Crcll,  has  put  the 
muriatic  acid  before  the  fehacic,  in  the  order  of  the  affi- 
nities of  alkalis,  wliethcr  in  the  moifl:  or  dry  way. 

THE  SEBACIC  COMPARED  WITH  OTHER  ACIDS. 

Sebacic  jp  jg  now  prcttv  wcll  afccrtaincd,  that  this   acid  exiftj 

arid  com-  ' .       J  r  i  •  r 

pared  with  rcadv  formed  in  fat,  and  in  conndcrable  quantity,  fince, 
^'  according  to  Crell,  two  pounds  of  fuet  afforded  him  fevea 
ounces  two  fcruples  of  this  acid.  It  iikcwife  appears 
from  the  before-mentioned  experiments,  that  this  acid 
was  direftly  feparated  from  fat  by  means  of  alkalis  and 
earths,  even  in  the  humid  wav,  at  lead  by  a  heat  too 
weak  to  be  recrarded  as  the  product  of  the  fire;  which 
isi&i  are  fo  very  conclufive,  as  to  appear  to  Morvcau  to 
need  no  other  proof. 

It  attracts  thefe  .''ubflances,  and  forms  new  falts  with 
their  bafcs,  which  Morveau  calls  febats^  according  to  the 
principles  of  the  new  French  Chemical  Nomenclature. 
By  means  of  heat,  it  is  refolved  into  a  gas;  it  is  there- 
fore, according  to  the  laft  mentioned  cheniift,  compofe^ 
of  vital  air,  the  acidifying  principle,  and  an  acldifiable 
bafis,  like  all  other  acids. 

The  aftlon  of  the  fire  likewife  gives  it  a  yfllow  colour, 
and  it  leaves  a  refiduum  that  announces  a  partial  decom- 
pofition,  on  which  account,  Crell  regards  it  as  holding 
the  medium  between  the  mineral  acids  that  refifi:  a  dif- 
tilling  heat,  and  the  vegetable  acids  that  are  decompofed 
by  it. 

With  the         According  to  this  chemift,  it  has  forne  of  the  proper- 
muriatic         .         -    ,  ,     .         • ,       1         •     r  •  1 
acid,           ties  or  the  muriatic  acia;  thus  it  lorins,  with  potam,  a 

fait  capable  of  melting  in  the  fire  v.ithout  being  decom- 
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pofed  ;  it  a£ls  powerfully  upon  gold  when  mixed  wlih  the 
nitrous  acid  ;  it  precipitates  the  nitrous  folution  of  filver; 
it  forms  a  fublimate  witii  mercury,  which  folution  is  not 
rendered  turbid  by  common  falt^  and  pure  water  fcpa- 
rates  antimony  from  it.  It,  however,  differs  from  it  in 
the  mofl  clear  and  evident  manner  by  precipitating  a  fo- 
lution of  corrosive  fublimate,  which  no  other  acid  is  ca- 
pable of  performing;  and  by  it's  ammoniacal  fait,  when 
mixed  and  fublimed  with  fait  of  iron,  not  forming  flowers 
containing  this  metal. 

This  acid  has  likcwifc  been  compared  to  vinegar,  for.  Vinegar. 
according  to  Bergman,  earthy  and  alkaline  febats  have  a 
very  great  analogy  with  thofe  falts  that  are  formed  by  the 
luiion  of  the  acetous  acid  with  the  fame  bafes;  but  it  is 
very  certain,  that  the  febats  of  potalh  and  of  foda  cryf- 
tallize  in  prifms  or  in  needles,  and  are  much  more  fixed  in 
the  fire  and  air. 

Gren  formed  a  conjeiSlure,  that  it  was  the  acid  of  fu-  Oxalic  acid, 
gar,  which  he  looked  upon  as  confirmed  by  an  experi- 
ment of  Riecken,  who,  by  extra6ling  moderately  ftrong 
nitrous  acid  from  ox  fuet,  obtained  a  very  pure  acid  of 
fugar.  Previous  to  this  experiment,  Sclieele,  having 
boiled  fome  animal  flit  with  about  half  it's  quantity  of  li- 
tharge, and  a  fufficient  quantity  of  water,  procured  afweet 
fubftance  from  the  decanted  liquor,  which  evaporated  to 
the  confifl:ence  of  a  firup;  and  having  repeatedly  ex- 
tracted nitrous  acid  from  it,  aflforded  him  the  acid  of 
fugar.  The  diflerence,  however,  between  the  faccharii^e 
and  febacic  acids,  is  now  very  well  afcerlaincd. 

Metherie  looks  upon  it  as  a  peculiar  acid  exifting  ii)  q^]^^^  opi- 
fat along  with  the  faccharine  matter,  vvhilft  it  appears"""'^" 
very  probable  to  Leonhardi,  that  it  is  a  peculiar  modifi- 
cation of  the  common  vegetable  acid,  differing  in  it'^ 
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quantity  of  phlogifton,  and  holding  the  middle  place  be- 
tween the  faccharine  acid  and  vinegar. 

The  analogy  of  this  acid  with  the  empvreumatic  oily 
acids  of  fomc  vegetables  is  according  to  the  opinion  of 
Morveau  much  better  eftablKhcd,  than  with  thofe  already 
mentioned.     Crell  has  extrafted  one  by  diftillation  of  the 
butter  of  the  cocoa,  and  having  re6lified  and  tried  it's 
combinations,  he  found   it  precipitated  the  folution  of 
filver ;   formed  a  cryltallizable  fait  with  lime,  which  did 
not  deliquefce ;  and  with  the  volatile  alkali  produced  a 
real  concrete  ammoniacal  febat,  very  different  from  that 
which  vinegar  affords,  8cc. ;  from  which  he  thinks  that 
it  was   the  fcbacic  acid.     Having  llkewife  found  it  in 
fpermaccti  and  in  human  fat,   and  that  of  flfli,  and  qua- 
drupeds, he  concludes,  that  this  acid  originates  from  the 
crsanized    bodies   of  both   the    animal    and    veg-etable 
world,  and  is  an  acidy«/  generis. 
Experi-  The  laft  chemlfl.  who  has  extended  our  knowledge  on 

Thenard      ^^^^  febaac   acid  is  Thenard.     The  principal  obje£l  of 
the  experiments  of  former  chemifts  was  to  prove  that  the 
produ6l  of  the  diftillation  of  fat  contains  a  peculiar  acid 
of  extreme  volatility,  and   of  fuch  a  poignant  and  fuffo- 
caling  nature,  that  it  cannot  be  refpired  without  fome  de- 
gree of  danger,     Thofe  which  Thenard  gives  an  account 
of  prove,    ift.  That  this  produ6l  aAuallv  contains   a  pe- 
culiar acid,  which  however   fo  far  from  being  volatile, 
odorous  and  fuffocaiing,  is,  on  the  contrary,  folid  and  in- 
odorous.    2d.  That  it  contains  acetous  acid.     3d.  That 
this  new  acid  has  no  part  in  the  fmell  of  diftllled  fat. 
4th.  That  by  all  the  proceffes  hitherto  employed  to  ex- 
tra£l  the  febacic  acid,   nothlne  is  obtairicd  but  a  foreiirn) 
acid,  and  that  confcqucntly  the  febacic  acid   has  not  yetl 
been  known. 

Mcih-ds  of       ILning  dillilled  a  confiderable  quantity  of  the  fat  ofJ 
obtai.  ing     pork,  Thenard,  in  order  to  obtain  the  febacic  acid,  treatec 

the  Icbacic     »  -^  ^  ^  ■ 

aciJ. 
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the  produft  at  feveral  times  with  hot  water,  and  poured 
acetite  oF  lead   into   the  liquor;  a  flaky  precipitate  was 
formed,  which  being  coile6ted  and  dried,  was  put  with 
fulphuric  acid  into  a  retort  and  heated.     The  liquid  of 
the  receiver  had  no  character  of  acidity,  but  in  the  retort  a 
melted   fubftance  floated  at  the  top,  analogous  to  fat, 
which  being  carefully   feparated   and  wa(tied  well,   was 
boiled  with  water.     By  heat  the  water  totally  dilTolved  it, 
and  by   refrigeration  cryftalline  needles  were  depofited, 
of  little  confiftence;  thefe  needles  were  acid  and  had  pe- 
culiar properties     To  be  certain  they  were  not  the  pro- 
duct of  the  fulphuric  acid,  diftillcd  fat  was  treated  with 
water,  and  the  liquor  being  filtrated  and  evaporated,  nee- 
dles were  obtained  having  precilely  the  lame  properties. 
To  procure  this  acid,   likewilc,   the   diftilied  fat  being 
treated  with  water,  the  filtrated  liquor  may  be  faturated 
with  potafh,   evaporated,  and  poured  into  a  folution  of 
lead.     A  precipitate  is  here  formed  which  is  a  iebat  of 
lead,  that  is  to  be  treated   as  above  with  fulphuric  acid. 
Such  are  the  three  methods  Thenard  employed  to  obtain 
the  febacic  acid  :  according  to  this  chemift  it's  properties 
are  as  follow ; 

It  is  without  fmell,  it's  taile  flighlly  acid,  it  melts  like  It's  proper.^ 
a'kind  of  fat,   confiderably  reddens  tinfture  of  turnfol, 
and  is  more  foluble  in  a  hot  than  cold  temperature.  Boil- 
ing water,  faturated  with  the  febacic  acid,  becomes  folid 
by  refrigeration ;  alcohol  diffolves  a  large  quantity  of  it; 
it  cryftallizes  in  fmall  needles;  with  care  it  may  be  ob- 
tained in  the  form  of  long,  large  and  beautiful  brilliant 
lamellae;   it  precipitates  the  acetite  ahd  the  nitrat  of  lead, 
the  nitrat  of  filver,  the  acetite  and  nitrat  of  mercury;  it 
faturates  the  caufticitv  of  the  alkalis,  forminc  with  them 
foluble  falts  ;  with  potafli  it  forms  a  fait  that  does  not  de- 
liquefcCj  which  has  but  little  tafte,  and  which,  if  fulphu- 
ric, nitric  or  muriatic  acid  be  poured  upon  it,  becomes 
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turbid  and  dcpnfits  febaclc   ac'ul;  when  it's  folut'ion  is 

concentrated  and  mixed  with  one  of  thcfe  acid§  it  becomes 

folid  ;  finallv,  it  does  not  render  turbid  the  water  of  lime;^ 

'  barytes  and   ftroutites.     Thcfe  properties  diilinguifh    it 

from  all  the  other  acids,  and  prove  it  to  be  an  acid  fui 

generic. 

To  feparate       To  fcparatc  the  acetous  acid  from  the  produft  after  dif- 

ad/from"'  tillation  of  fat,  this  product  of  the  difiilled  fat  is  treated 

the  produa  vvith  Water,  the  liquor  Saturated  with  pota(h  and  evapo- 

after  diltil.  '  ^  .  ^  .  ^ 

lationof  fat.  rated.  When  the  fubftance  is  dry,  Thenard  mlroduced 
it  into  a  retort  with  dilute  fulphuric  acid,  or  phofphoric 
acid,  and  diftillcd  it,  and  an  acid  was  obtained  having  all 
the  characiers  of  acetous  acid;  with  potafli  it  forms  a  fo- 
liated fait.  This  fait  melts  in  the  heat,  and  when  expof- 
cd  to  the  air,  deliquefces'  fpeedily  and  completely,  it's 
tafte  is  extremely  pungent  j  with  a  folution  of  nitrat  of 
mercury,  it  forms  a  precipitate  cryftallized  in  the  form  of 
fpangles.  When  fulphuric  acid  is  poured  upon  it,  ace- 
tous acid  is  difengagcd  in  abundance.  Sometimes  the 
water  with  which  the  product  of  the  diftilled  fat  has  been 
treated,  contains  fcarcely  any  thing  except  acetous  acid, 
fo  that  to  obtain  acelitc  of  potafh,  nothing  more  is  necef- 
fary  than  to  evaporate  the  liquid.  The  quantity  of  fe- 
bacic  and  of  acetous  acid  formed  in  the  diftillation  of  fat, 
varies  in  proportioji  to  the  greater  or  lefs  degree  of 
heat. 
The  odorous  In  Order  to  examirje  the  odorous  riiatter  arifmg  from 
dimmed  Jat  the  diftillation  of  fat,  Thenard  introduced  fome  fat,  which 
esamined.  had  juft  bccn  diftillcd,  and  the  fmell  of  which  was  ex- 
tremely pungent,  into  a  tubulated  retort.  He  adapted 
to  the  neck  of  the  retort  a  receiver  which  contained  tinc- 
ture of  turnfol.  Having  diftilled  it  with  a  gentle  heat, 
the  receiver  became  thereby  filled  vvith  a  ftrong  odour^ 
and  yet  the  colour  of  the  tincture  was  not  changed,  a 
ponvincing  proof,  he  thinks,  that  the  fmell  of  diftilled  fa» 
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is  not  owino-  to  an  acid  ;  befuies,  if  this  finell  depended 
uoon  an  acidj  he  thinks,  it  would  probably  difappearupon 
placino"  it  in  contact  with  the  alkalis,  as  the  a'cid  would 
then  be  abforbed,  which  is  not  the  cafe.  He  therefore 
concludes,  that  it  depends  upon  a  portion  of  the  fat,  con- 
verted into  gas,  and  undoubtedly  changed  in  it's  nature. 

In  examining;  the  different  procefTes  which  former  die-  Procefies 
mills  employed  to  obtaui  the  lebscic  acid,    ihenard  be-  pioyod  for 
gins  with  Crcll,  who  in  order  to  feparate  the  (ebacic  acid  ti,e^feii"f 
from  the  produii  of  diftilled  far,  firft  added  to  it  a  certain  ='"^  ^^' 
quantity  of  potafh,  after  which  he  filtrated  and  evaporated 
it.     As  the  fait  he  got  was  mixed  with  oil,  he  calcined  it, 
rediflblved  it  in  water  and  evaporated  the  fjjution.     By 
this  means  he  obtained  a  fait  of  coufiderablc  \A'hitener» 
and  of  a  foliated  texture,  which  being  put  into  a  retort 
with  fulphuric  acid  and  diftilled,  afforded  a  pungent  and 
fuming  acid.     This  proeefs  however  appearing  inconve- 
nient, he  employed  another ;  for  being  perfuaded  the  acid 
of  fat  exifled  rcadv  formed  in  fat,  and  was  not  the  pro- 
du6l  of  difiillalion,  he  formed  a  foap  with  fat  and  potafli, 
and  treated  this  foap  with  water,  in  order  to  didolve  the 
fcbat  of  potaHi  formed  in   it.     But  as  the  water,  befides 
the  febat,  difftdved  alfo  fome  of  the  fat  combined  with 
potafli,  he  added  to  the  folulion  of  this  febat  of  potafli 
and  of  this  foap  a  fufficient  quantity  of  alum,  by  which 
he  got  febat  of  potafli  with  only  an  admixture  of  fulphat 
of  potafh  ;  this  he  evaporated,  poured  fulphuric  acid  upon 
the  dry  fubflance,  applied  heat,  and  febacic  acid  paffcd 
over  into  the  receiver.     In  the  chemiftrv  of  Dijon  is  a 
different  proeefs ;  the  fat  is  there  calcined  with  lime  in  a 
crucible;  the  fubftance  lixiviated  with  a  large  quantity  of 
water;  the  water  holding  the  calcareous  febat  in  folution, 
evaporated  ;  and  this  calcareous  febat  is  introduced  into 
a  retort  with  fulphuric  acid,  and  the  febacic  acid  paflea 
over  into  the  receiver. 
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Thefc  three  proccffes  Thenard  repeated  with  great  care, 
and  ohtained  the  following  rcfulis.     The  firft  of  Crcll'd 
proccffes,  and  that  of  the  chemiftry  of  Dijon,  afibrded 
him  an  acid  that  had  all  the  characleriftics  of  the  acetous 
acid  ;  with  potafh  it  formed  a  foliated  deliquefcent  fait,  of 
an  extremely  pungent  favour,  and  which  treated  with  ful- 
phuric  acid  gave  a  large  quantity  of  vinegar.     He  thinks 
that  if  Crell,  as  he  aflcrts,  did  obtain  a  fuming  and  pun- 
gent acid,  it  was  a  fmall  quantity  of  fulphureous  acid, 
proceeding  from  the  decompofition  of  a   certain    por- 
tion of  fulphuric  acid,  by  the  fat,  or  of  the  carbon  of  the 
acetous  acid  difengaged  from  it's  combination.     In  mak- 
ing the  fecond  procefs  of  Crell,.  Thenard  alfcrts,  no  ace- 
tous acid  is  obtained,  but  an  acid  which  is  nothing  but  the 
muriatic.    In  faft,  it  forms  with  the  nitrat  of  iilver  a  pre- 
cipitate infoluble  in  an  excefs  of  nitric  acid  ;  with  foda  it 
forms  cubic  cryflals.     If  fulphuric  acid  be  poured  upon 
thefe  cryftals,  a  penetrating  gas  is  difengaged,  which  on 
being  brought  into  conta6l  with  the  air,  gives  rife  to  va- 
pours ;  the  fame   acid  mixed  with   nitric  acid  dilTolves 
gold  ;  with  the  oxyd  of  mer(,-ury  it  forms  a  volatile  fait ; 
with  potafh  a  fait  capable  of  being  fufcd  w  ithout  under- 
going decompofition.    Thefe  circumftanccs,  according  to 
Thenard,  render  it  probable,  that  Crell  employed  the  pot- 
afli  of  commerce,  which  always  contains  muriat  of  pot- 
af!),   for  in  repeating  this  procefs  with   pure  jootAfh,  nq 
acid  is  obtained,  except  an  almofi:  imperceptible  qnan- 
lity  of  vinegar.     This  vinegar  is  formed  by  treating  the 
fat  with  potafli  and  the  fulphuric  acid,  for  fiU  contains  no 
acid,  according  to  this  chemift,  not  even  when  it  is  ran- 
cid ;  at  lead  he  has  feveral  times  treated  rancid  fat  with 
water,    and  uniformly  obtained  a  liquid,  which  did  not 
redden   the  tiin^ure  of  turnfol. 
Rcrapit'iin.      Accordmg  to  Thenard,  thefe  experiments  prove  what 
he  has  already  advanced,  viz.  that  there  cxifts  in  the  pro- 
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i]u6l  of  diflllled  fat  a  peculiar  acid,  which,  inflead  of  be- 
iiior  volatile,  odorous  and  fufFocating,  is,  on  the  contrary, 
folid,  inodorous,  and  fixed  to  a  certain  degree  ;  that  be- 
fides  this  acid,  the  product  of  dlftillcd  fat  contains  ace- 
tous acid ;  that  the  febacic  acid  has  no  (hare  in  produc- 
ing  the  fmell  of  diflilled  fat,  t\hich  probably  depends 
upon  fome  particles  of  fat  converted  into  vapour,  and 
altered  in  their  nature.  They  prove,  befides,  that  by  the 
procefles  of  Crell,  and  by  that  defcribed  in  the  chemiilry 
of  Dijon,  the  muriatic,  or  the  acetous  acid,  is  only  ob- 
tained ;  that  confequently,  the  febacic  acid  has  hitherto 
remained  unknown,  and  that  in  the  prefent  flate  of  our 
knowlege,  it  is  a  new  acid. 

Thenard  obferves,  that  all  the  experiments  he  made 
was  with  hog's  lard,  and  that  he  has  not,  like  Crell, 
varied  them  with  human  fat,  the  marrow  of  the  ox,  and 
tallow.  He  concludes,  by  propofing  to  repeat  them  with 
thefe  different  fatty  fub (lances ;  but  expefts  to  obtain  fi- 
milar  refults.  He  has  not  yet  examined,  he  fays,  all  the 
properties  of  the  febacic  acid ;  but  intends  to  inveftigatc 
them  with  care. 

For  a  more  exaft  determination  of  the  affinities  of  this 
acid  with  other  fubftances,  both  in  the  wet  and  dry  way, 
a  nicer  examination  of  the  degrees  of  folubility  of  it's 
earthy,  faline,  and  metallic  neutral  falts,  in  water,  alco- 
hol and  other  fluids ;  a  further  inveftigation  of  it  in  it's 
gafeous  ftate,  and  a  future  proof,  whether,  like  mofl: 
acids,  it  forms,  with  lime,  a  body  which  emits  li^ht  in 
the  dark,  mud  be  left  for  future  experiments. 

Franc.  Gruetzmacher,  Diflertat.  de  Oflium  Medulla. 
Lipfise.  1  748. — Jo.  Andr.  Segner  et  Dan.  Henr.  Knape, 
Differt.  de  Acido  Pinguedinis  animalis,  Gcctting.  1754. 
— jVIacquer's  Chymllch,  Wcerterbuch,  von  Leonhardi. 
t.  2.  p.  207.  Fettfaure  Leip.  1701, — Philofophie  Chi- 
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mique  par  Fourcroy,  ed  van  Mons,  Bruxellcs.  An.  3. — 
Marets  ueiien  Vcrfuchen  in  CrcH's  Annal.  178C. — Lo- 
rcntz  CrciJ's  Verfuche  niit.  der.  aus.  deni.  Rinder- 
talge  entwickelten  Saure,  in  his  Chcrn.  Journ.  Th. 
1.  2.  4. — Bergman's  '  Opufculu.  3. — Rirchcns  Er- 
fahrungcn,  in  Crell's  Cheni.  Annal.  p.  2.  1786. — 
Gren  m  ibid.  1 7  b4. ^Crell's  Zerlegung  des  Walraths 
in  Lis  Chcni.  Journ.  th.  4. — ^De  la  Metherie,  vide  Ro- 
ficr's  .lournal  de  Phys.  p.  43.  t.  48. — On  the  Sebacic 
A(.id,^or  Acid  of  Fat,  by  Cit.  Thenard.  Annals  de 
Chmiie.  39.   IQiJ. 
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Zoancacid.  A.T  the  article  i!e{h,  it  appeared,  that  Thouvenel  had 
mentioned   a   faline  fubftance,   which,   molt  probably^ 

Difcjvered   is  thc  acid  difcovcrcd  bv  Berlhollet,  by  the  name  of  the 

itu  ^  zoonic.  It  is  well  known,  that  the  liquor  extracted  by 
diftillation  from  animal  fubftances,  only  appeared  to 
contain  carbonat  of  ammonia,  and  an  oil ;  but  Berthollet 
having  detected  this  acid  in  it,  looks  upon  it  as  a  pro- 
du6l  of  the  diftillation  of  all  animal^fubftances. 

Method  of  In  order  to  feparate  th>s  acid,  the  oil  is  firft  taken  off, 
'^'^^"°'' and  lime  is  then  mi.xed  with  the  liquor  of  diftillation, 
and  thc  mixture  boiled  or  diftilled.  The  carbonat  of  am- 
monia then  exhales,  and  when  the  fmell  ceafes  to  be  irri- 
tating, thc  liquor  is  filtered,  a  little  more  lime  is  added  to 
it,  and  it  is  again  boiled,  until  the  odour  of  the  ammonia 
intirely  difappears.  What  remains  is  zoonat  of  lime, 
which  is  again  to  be  filtered.  Water  impregnated  with 
fixed  air  is  then  to  be  poured  upon  it,  or  rcfpired  air  is  to 
be  palled  through  it  by  means  of  a  tube,  to  precipitate,  by 
the  carbonic  ^cid,  the  lime  held  in  folution,  in  an  ua- 
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combined  ftate.  In  order  to  obtain  the  zoonic  acid  ptire 
from  the  -zoonat  of  lime  remaining,  the  water  of  the  laf}y 
well  concentrated,  is  to  be  mixed  with  fome  phofphoric 
acid,  put  into  a  tubulated  retort,  and  diftilled.  The 
zoonic  acid  being  very  little  volatile,  requires  a  degree  of 
heat  approaching  ebullition,  to  make  it  pafs  over,  fo  that 
the  liquor  mud  be  boiled  ;  if  two  flaflcs  are  adapted  to 
the  retort,  none  of  it  pafles  into  the  fecond.  It  appears, 
that  in  this  procefs,  one  portion  of  the  acid  is'deftroyed 
by  the  a£lion  of  the  heat ;  for  the  liquor,  during  it's  ftate 
of  ebullition,  becomes  brown,  and  towards  the  end  of  the 
operation,  blackilh  ;  hence  it  may  be  concluded,  that 
this  acid  contains  carbon.  Berthollet  did  not  collect  the 
Other  principles  which  are  difengagcd  during  the  de- 
compofition. 

The  zoonic  acid  has  an  odour  refembling  that  of  flefii  it'sprq)er- 
which  is  roafted  brown,  and  in  reality  is  then  forming. 
It's  favour  isvauftere.  It  reddens  very  deeply  "paper 
tinged  with  litmus.  It  effervefces  with  alkaline  carbo- 
r.ats.  It  did  not  appear  to  form  cryftallizabte  falts,  with 
aikaline  earthy  bafes.  I:  forms  a  white  precipitate  in  the 
water  in  which  acetite  of  mercury  has  been  diflblved^ 
and  in  that  of  nitrat  of  lead.  To  that  it  has  a  greater  affi- 
nity to  the  oxvd  of  mercury,  than  the  acetous  acid,  and 
to  the  oxyd  of  lead,  than  the  nitrous  acid  Ifas.  On  the 
nitrat  of  filver  it  only  a6ls  by  compound  affinity ;  but 
the  precipitate,  in  time,  becomes  brown,  which  indicates 
that  the  precipitate  contains  hydrogen.  The  zoonat  of 
potafh,  when  calcined,  formed  no  prulfiat  of  iron  with  a 
folution  of  that  metal. 

There  feparatcd  from  fome  fleffi  which  Eethollet  had 
kept  for  a  long  time  putrid  a  liquor  which  gave  all  the 
properties  of  acidity,  but  which  was  an  ammnniacal  fait 
with  excefs  of  acid.  This  acid,  combined  with  limCy 
appeared  fimilar  to  the  zoonat  of  lime  }  but  he  had  not  a 
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fufficient  quantity  to  prove  exadlly  it's  identity  with  the 
2oonic  acid. 

Trommfdorf  has  reafon  to  think,  that  the  zoonic  acid  is 
nothing  but  the  fcbacic  j  but  he  has  not  proved  it  by  ex- 
periment. 

Thenard,  having  exaniincd  the  zoonic  acid,  thinks  he 
has  demon (Irated  that  it  is  nothing  but  the  acetous  acid 
combined  with  a  pecuhar  animal  matter.  It  appears, 
however,  that  a  further  invcfiigation  is  neceflary  before 
the  real  nature  and  properties  of  this  acid  can  be  well 
under  flood. 


Notice  fur  un  Acide  retire  des  Subftances  animales, 
ou  acide  zoonique,  par  le  Citn.  Berthollet.  An.  de  Ch, 
No.  76,  D.  SG.     3a  Germinal.  An.  6. 
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Animal  poifons  may  be  divided  into  two  claflcs. 

ift.  Thofe  which  are  produced  by  animals  in  a  ftate  of  Their  Jlvi- 
health,  and  are  employed  as  a  means  of  defence,  fuch  as 
the  poifonof  different  fpecles  of  ferpents,  and  infefts. 

2d.  Thofe  which  are  produced  by  an  animal  in  a  ftate 
of  difeafe,  and  are  communicated  to  other  animals  by 
means  of  what  is  called  contagion,  fuch  as  the  poifon  of 
the  cancer,  the  hofpital  fore,  the  venereal  virus,  that  of 
the  fmall-pox,  meafles,  and  the  miafma  that  arifes  from 
the  putrefa6lion  of  organized  fubftances ;  but  as  the  little 
knowledge  which  chemiftry  affords  us  of  the  nature  of 
this  clafs,  is  to  be  found  at  the  articles  pus  and  miafma 
the  prefent  will  only  contain  a  defcription  of  the  few  ex- 
periments and  obfervations  which  have  been  made,  to 
inveftigate  the  chemical  principles  of  the  firft  clafs. 

It  is  to  Francis  Redi,  a  celebrated  Italian  philofopher,  R^di. 
that  we  are  indebted  for  the  difcovery  of  the  humour 
that  renders  the  bite  of  the  viper  venomous.  The  an- 
cients were  ignorant  of  wha,t  the  venom  confifled,  and  of 
tl>e  part  of  the  animal  in  which  it  refided.  Redi  was 
the  firft  who  eftabliftied  thefe  points.  In  his  treatife 
on  the  venom  of  the  viper,  it  appears,  that  he  found  it 
to  be  a  humour  refembling  the  oil  of  fweet  almonds, 
which  the  animal  conveys  with  his  tooth  into  the  wound 
it  makes  by  biting ;  but  he  was  miftaken  in  almoft  every 
thing  elfe  he  faid  on  the  fubie61;  of  this  poifon. 

Mead  is  the  firft  who  in  any  way  examined  the  nature  m^ j(j 
and  qualities  of  it ;  according  to  this  phyfician,  tbv?  ve- 
nom is  acid,  as  he  informs  us  it  changed  the  dye  of  lit- 
mus red,  and  even  gave  a  reddifti  tinge  to  the  firup  of 
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violets.  A  few  years  afterward,  he  retracted  every  thing 
he  had  advanced  on  the  acidity  of  this  hquor,  and 
confefled  it  was  neither  acid  nor  alkaUne. 

James.  Dr.  James,  who  afliires  us  he  repeated  the  experi- 

ments of  Mead,  found  it  to  be  Hkewife  acid  ;  but  moft 
probably  he  was  ignorant  of  the  latter  experiments  of 
that  phyfician. 

Juflicu.  Jufifieu,    pcrfuadcd   likewife  of  the   acidity  of  this  ve- 

nom, upon  the  authority  of  Mead,  immediately  found 
a  fpecific  againft  it  in  the  volatile  alkali  j  he  was  not, 
however,  the  firft  to  recommend  it's  ufe. 

The  uncertaintv  and  contradiftion  of  the  fact  of  the 
acidity  of  this  poifon  invited  Fontana  to  invcftigate  the 
truth  of  it;  and,  "  I  hope"  favs  he,  "  that  there  will 
be  no  longer  any  doubt,  for  I  flatter  myfelf  to  have  dif- 
covercd  the  error  into  which  Mead  happened  to  fall  when 
he  lirfl  examined  this  venom,  an  errour  againft  which 
Do«ftor  James  was  not  able  to  guard." 

He  found,  though  but  very  rarely,  that  the  venora  of 
the  viper  gives  litmus  a  light  red  colour ;  but  in  thefe 
cafes  it  was  not  very  pure,  as  he  difcovered  by  the  mi- 
crofcope  fome  globules  of  blood  floating  in  it,  and  on  ex- 
amining the  mouth  of  the  viper,  he  found  the  two  bags 
or  flicaths  that  cover  the  teeth  flightly  inflamed.  It  ap- 
pears, that  it  is  not  uncommon  to  meet  with  thefe  ani- 
mals naturally  in  this  ftate,  and  it  is  ftill  more  common 
to  find  the  bags  reddened  after  they  have  bitten.  The  ve- 
nom is  alfo  frequently  ftaincd  with  blood  if  it's  recepta- 
cle be  too  ftrongly  comprefled.  All  thefe  circumftances 
may  take  place,  and  in  all  of  them  the  litmus  may  be  by 
thefe  means  reddened,  without  fuppofing  an  acidity  in  the 
venom.  It  is  therefore,  according  to  Fontana,  not  un- 
likely, that  Do£lor  James  had  been  deceived  in  the  fame 
manner  as  Mead,  for  it  is  certain,  that  in  the  few  cafes 
in  which  Fontana  found  the  colour  of  the  litmus  red- 
dened, the  venom  was  not  pure,  but  piixed  with  blood. 
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According  to  Fontana,  the  venom  of  the  viper,  when  Fon'ana. 
pure,  appears,  when  examined  by  a  microfcope,  like  an 
oil,  of  a  more  or  lefs  yellow  colour.  It  is  contained  in 
a  veficle  for  it's  refervoir,  which  is  enclofed  in  a  conftric- 
tor  mufcle,  fituated  in  the  jaws  of  the  animal;  by  this 
mufcle  the  liquid  venom  is  fqueezed  out  through  an  ellip- 
tical orifice  at  the  point  of  it's  canine  teeth. 

It  is  perfeftly  taftelefs,  but  leaves  on  the  tongue  a  fen-  Properties 
fation  or  torpor  or  fi;upefaciion  on  the  part  it  touches;  fon  of  the 
the  tongue  particularly  feels  numbed  ;   it  even  appears  to  ^'^^'^" 
be  grown  larger,  and  it's  motions  are  flower  and  more 
difficuk. 

It  neither  reddens  the  tincture  of  litmus  nor  the  blue 
juice  of  radifties. 

In  a  liquid  ftate,  it  unites  more  or  lefs  with  acids. 

When  dry,  they  have  no  effeft  upon  it,  except  that  of 
making  it  fomewhat  tenacious. 

Alkalis  have  no  niore  effe£l  upon  it  than  acids. 

Boiling  water  immediately  diflolves  it,  and  lofes  no 
part  of  it's  tranfparency. 

Alcohol  has  no  effcft  upon  it, 

It  is  not  a6led  upon  by  eflential  oils,  or  by  hepar  ful- 
phuris. 

It  does  not  melt  when  expofcd  to  the  fire.  "^ 

Caft  upon  a  red  hot  coal,  it  fwells  and  puflfs  up,  but 
does  not  begin  to  inflame  till  it  has  afliimed  the  appear- 
ance of  a  coal. 

From  obfervlng  that  the  dried  venom  appeared  to  be 
tenacious,  like  one  of  the  ftrongeft  gums  when  broken 
between  the  teeth  ;  and  that  it  was  alfo  foluble  in  water, 
and  not  in  alcohol,  Fontana  fufpecSled  it  to  be  a  gum  ; 
another  experiment,  however,  remained  to  render  this  fuf- 
picion  decifive. 

It  is  known,  that  gums  diflblved  in  water  are  precipi- 
tated by  fpirlt  of  wiue,  and    the  water  becomes   white, 
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Fontana,  therefore,  put  equal  portions  of  water  into  two 
fmall  glaiVcs ;  he  added  to  one  of  them  a  quantity  of  the 
venoin,  and  to  the  other  an  equal  quantity  of  gum  arabic. 
The  fokition  of  the  gum  arabic,  which  was  cffe^Sted  by 
heat,   being  reduced   to  the  temperature  of  the  liquor  in 
the  other  glafs,  feveral  drops  of  alcohol  were  poured  into 
each  of  the  glaflcs.     Immediately  a  whitiOi   cloudinefs 
appeared  in  both  folutions,  at  every  drop  of  alcohol,  and 
difappcared  the    moment  after.     On  continuing  to  add 
an  equal  quantity  of  alcohol    to   each   glafs,  the  white 
cloud,  inftead  of  difappearing,   extended  over  the  fluids, 
which  became  whiter  and  more  opake  on  every  addition  of 
alcohol.     On  ceafing  to  add  more,  the  white  matter  began 
to  precipitate,  and  a  few  drops  more  caufed  a  perfeft  fepa- 
ration.     At  the  end  of  24  hours  the  precipitation  was 
complete,  and  at  the  bottom  of  each   glafs  was  found 
nearly  the  fame  quantity  of  an  equally  white,    foft,  and 
parte- like  fubftance. 

A  drop  of  venom  dried  upon  a  glafs  cracks,  on  drying, 
from  the  circumference  to  the  centre,  and  when  diflblved 
in  water,  and  precipitated  by  alcohol,  falls  down  in  the 
form  of  a  white  powder  or  meal  j  this  if  dried  afrcHi 
cracks  in  different  parts,  and  it's  fifTures  arc  of  the  ufual 
rclicidar  form. 

If  clear  and  tranfparcnt  vitriolic  acid  be  mixed  with 
the  precipitated  and  dt'ied  venom,  at  the  end  of  a  certain 
time,  it  becomes  of  a  dark  vinous  colour.  The  fame 
chanp^es  are  obferved  in  the  folution  of  gum  arabic  in 
water  precipitated  by  alcohol.  This  gum,  in  drvino;, 
likewife  adheres  to  the  glafs,  and  cracks ;  and  if  a  few 
drops  of  vitriolic  acid  be  added,  they  become,  in  the 
fame  fpace  of  time,  of  a  dark  vinous  colour. 

Tlic  analoo:y,  therefore,  between  the  venom  and  the 
!ij;um,  according  to  Fontana,  cannot  be  more  perfect. 
They  are  both  folublc  in  water,  both  precipitated  in  the 
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fame  way  by  alcohol ;  the  precipitated  powder  or  meal  is 
of  the  fame  colour  j  both  of  them  crack  on  drying  ;  vi- 
triolic acid  docs  not  foften  them  till  after  fome  time^  and 
the  colour  is  changed  in  the  dune  manner  wiih  each  of 
thefc  fubftances.  As  a  further  proof  that  this  venom  has 
a  great  analogy  to  the  gums,  Fontana  made  another  expe- 
riment. He  put  fix  grains  of  very  pure  dried  venom  into 
a  fmall  matrafs,  and  added  50  drops  of  nitrous  acid.  By 
the  afliftance  of  heat  there  arofe  as  much  air,  or  perhaps 
more  than  the  matrafs  could  contain.  This  was  common 
air  fomewhat  changed  in  it's  qualities.  The  heat  beino- 
continued,  a  clouded  air  arofe,  which  on  examination 
was  found  to  be  compofed  of  one  third  of  fixed,  and  two 
thirds  of  phlogiftic  air. 

Gum  arabic  under  the  fame  circumftances  likewife  af- 
forded fixed  and  phlogiftic  airs,  and  the  refults  of  both 
experiments  were  fo  perfectly  fimilar,  that  they  might 
have  been  confounded  together.  According  to  Fontana, 
gum  arabic  likewife  aflfords  nitrous  air,  but  this  only  hap- 
pens when  in  confiderable  quantity.  If  the  quantity  be 
very  fmall,  the  little  nitrous  air  it  affords  is  dccompofed, 
and  unites  to  the  common  air  in  the  matrafs. 

Hence  Fontana  looks  upon  the  venom  of  the  viper  to  An  animd 
be  a  real  animal  gum,  poffeffing  all  the  properties  and  ^"'^' 
principal  characleriftics  of  a  gum,   and  the  only  one  of 
the  animal  kind  that  is  at  prefent  known. 

From  the  experiments  and  obfervations  of  Dr.  Ruffcl,  Rufll-I. 
it  appears,  that  the  poifons  of  the  different  fpccies  of  fer- 
pents  are  very  analogous  to  each  other. 

When  firfl  emitted,  thcv  are  fomewhat  mucilaginous, 
hut  become  more  fo  on  expofure  to  the  air;  the  colour, 
from  a  pale  yellowini  white,  becomes  more  yellow,  and' 
when  dry,  they  refemble  a  yellow  flaky  refin.  Kept  for 
fome  tini'.- their  colour  becomes  darker,  and  they  lofe  fome- 
what of  their  folubility ;  for  when  recent,  according  to  this 
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phyfician,  or  in  the  intermediate  degrees  of  exficcation, 
they  readily  mix  either  with  water  or  fpirit.  He  informs 
lis,  that  a  drop  or  two  of  the  poifons  of  the  fcrpents  called 
the  Cobra  de  Capello  and  Katuka  Rekula  Poda  had  no 
tafte,  nor  produced  any  effe6l  on  the  tongue  or  palate,  and 
that  when  inveftigated  with  the  ufual  tefts  fhowed  no  in- 
dication of  being  either  acid  or  alkaline. 

Two  drops  of  the  recent  poifon  of  the  katuka  rekula 
poda,  diluted  with  four  drops  of  fpring  water,  were  put  into 
a  wine  glafs,  No.  1 ;  and  fix  drops  of  water  into  another 
glafs,  No.  2;  into  each  glafs  was  then  permitted  to  fall 
a  tea  fpoonful  of  blood  from  the  neck  of  a  chicken,  juft 
decapitated.  Both  mixtures  being  ftirred  for  five  mi- 
nutes, with  fmooth  fticks,  were  left  to  fettle.  The  blood 
in  No.  1  appeared  of  a  colour  confiderably  darker  than 
that  in  the  other,  and  a  clot  was  found  adhering  to 
the  point  of  the  ftick,  of  a  darker  colour,  and  more  gru- 
mous  confiftence  than  ordinary.  To  the  ftick  belonging  to 
No.  2  a  much  fnialler  clot  adhered,  of  a  brighter  colour, 
and  mope  loofe  contexture.  After  ftanding  three  hours, 
the  difference  was  more  remarkable ;  the  blood  in  No.  l 
remained  uncoagulated,  and  much  blacker,  with  a  little 
livid  coloured  fcrum  above  ;  in  No.  2  it  nearly  retained 
it's  primitive  colour ;  the  craiTanientum  was  formed,  and 
a  little  ferum  of  the  ufual  colour  remained  at  top.  On  re- 
peating this  experiment,  theglafles  were  carefully  warmed, 

and  the  mixtures  flirred  only  one  minute.  Very  little 
blood  was  foiuul  adhering  to  the  fticks.  The  fame  al- 
teration in  colour  was  obfcrvcd  as  before ;  but  the  blood 
in  No.  1  was  Icfs  fluid  than  in  the  former  experiment, 
though  itill  much  more  fo  than  in  the  glafs  No.  2, 

Before  the  experiments  of  Fontana,  no  chemift  had 
examined  with  any  attention  the  liquor  with  which  thofe 
infeCls  are  provided  that  wound  with  a  liincr,  fuch  as  the 
fcorpioPj  bee,  walp,  See,     Indeed  Mead  fays,  he  fount* 
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the  humour  of  the  hcc  to  be  compofed  of  very  fine  faline 
needles  or  points ;  he  alTures  us  he  had  examined  it  with  a 
niicrofcope,  and  found  it  full  of  thefe  pointed  falts.  Fon- 
tana  has,  however,  proved,  that  Mead  was  as  much  mif- 
taken  in  thefe  obfervations  as  he  was  in  his  experiments 
on  the  venom  of  the  viper. 

We  are  informed  by  Fontana  that  the  poifon  of  the  Venom  of 
bee,  like  thai  of  the  venom  of  the  viper,  cracks  on  dry- 
ing, and  prefents  the  ufual  ibarp  and  regular  fragments, 
which  were  fufficient  to  perfuade  Mead   of  it's  beino-  a 
real  fait. 

When  the  venoms  of  the  viper  and  the  bee  are  diied 
and  examined  through  the  lens  of  a  microfcope,  no  fen- 
fible  difference  is  to  be  obferved  between  them  ;  he  how- 
ever found  that  the  venom  of  the  bee,  expofed  to  the  open 
air  upon  a  piece  of  glafs,  was  much  longer  in  drying  than 
that  of  the  viper,  and  that  the  cracks  and  fiiTures  in  the 
former  were  formed  much  later  than  thofe  in  the  latter, 
fuppofing  the  degree  of  exficcaiion  of  the  two  fluids 
alike. 

Thefe  two  poifons  not  only  agree  in  the  appearances 
their  parts  prefent  in  drying,  but  likewife  in  other  pro- 
perties. Thus,  if  a  piece  of  the  dried  venom  of  the  bee  > 
be  ftrongly  comprefTed  between  the  teeth,  it  glues  them 
as  it  were  faft  together";  and  tbe  fame  takes  place  v/ith  ihe 
venom  of  the  viper  and  all  exficcated  gummy  fub- 
ftances. 

The  dried  venom  of  the  bee  is  alfo  foluble  in  water, 
and  refills  the  a£lion  of  alcohol  like  them  ;  hence  Fon- 
tana is  inclined  to  add  the  venom  of  the  bee  to  the  clafs 
of  animal  gums,  but  the  quantity  capable  of  beirs:  col- 
le£led  he  found  fo  very  fmall,  as  fcarcely  to  render  any 
experiments  on  this  fubjeft  certain. 

This  celebrated  philofopher  has  likewife  examined  the  Of  the  fcor 
poifon  of  the  fcorpion,  which  is  acrid  and  pungent,  and  ^*"'* 
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alfo  that  of  the  wafp,  and  other  infects  in  general,  that 
wound  with  a  (ling.  In  all  thcie  he  found  this  luimour 
to  have  a  hot,  bitter  and  acrid  taile,  and  to  poflTefs  all  the 
charafters  of  a  gum.  It  cracked,  .when  left  to  dry  on 
glafs,  like  that  of  the  viper,  and  when  chewed  was  tena- 
cious, glutinous  and  elaftic. 

The  humour,  however,  of  thefe  infeiSlg,  is  not  to  be 
confidered  as  the  fame  as  that  of  the  viper,  and  to  poflefs 
all  it's  qualities.  It  has  been  obfcrved  before,  that  the 
venom  of  the  \'iper  has  neither  any  fenfiblc  tafte,  nor  is 
fufficiently  acid  to  tinge  red  the  tinfture  of  litmus,  al- 
though fo  fenfiblc  is  this  tcft,  that  ^^jgo  part  of  a  grain  of 
fixed  air  is  able  evidently  to  redden  one  grain  of  the  dyq 
of  litmus.  The  moment,  however,  the  humour  of  the 
infedl  is  applied  to  a  piece  of  paper  ftained  with  radiflj 
juice,  a  flight  red  tinge  appears,  which  afterwards  changes 
to  a  pale  yellow  ;  fo  that  it  appears  this  humour  is  united 
to  an  acid  principle,  although  in  fuch  a  manner  as  not  to 
occafion  the  fmallefl  acid  fcnfation  on  the  organs  of 
taftc. 

From  the  experiments  of  this  chemift,  therefore,  we  are 
led  to  regard  the  hypothefis  of  thofe  phyficians  who 
have  advanced  that  the  venom  of  the  viper  is  an  acid, 
and  that  volatile  alkali  is  a  fpecific  remedy  by  neutralizing 
the  acid,  as  falfe  and  erroneous,  and  that  thefe  poifons 
acl  on  the  body  of  animals  in  a  manner  which  is  not  at 
prefent  within  the  reach  of  the  human  mind  to  pene- 
trate'. 

Sur  les  Poifons  et  fur  le  Corps  Animal,  par  M.  Fnn- 
tana,  sT.  17S1. — An  account  of  Indian  Serpents,  See, 
by  Patrick  Rulfel,  M.  D.  F.  R.  S.  fol.  London,  1 7Dfi, 
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AROMATA. 

The  fmall  volatile  particles  which  areconltantU"  flyine'  Animal 
off  from  animals  and  animal  Ribftances  at  the  common 
temperature  of  the  atmofphere,  and  which  affe&  more  or 
lefs  the  organs  of  fniell,  conftitute  what  are  called  animal 
odours  or  aromata,  Thefe  aromata,  on  fubjcfting  thefe 
fubftances  to  a  gentle  dillillation,  generally  come  over 
along  with  the  aqueous  portion  ;  there  are,  however,  a 
few  in  which  the  want  of  volatility  of  the  odorous  parti- 
cles oblige  them  to  remain  in  great  meafure  behind.  In 
Jiving  animals  the  aroma  forms  the  fcent  of  the  parti- 
cular fpecies,  and  is  the  means  by  which  the  himtfman  is 
enabled  to  purfue  his  game,  and  the  dog  to  trace  the  foot- 
fteps  of  his  mafter.  It  was  even  the  opinion  of  Vitoft 
that  not  only  every  animal  has  it's  peculiar  odour,  but 
that  it  is  diiferent  in  each  of  it's  parts.  In  fome  bodies 
it  is  fo  very  evident  as  to  form  a  dirtino-uifliinsr  characSter,  in 
others  the  niceft  and  mod  experienced  organs  are  fcarcely 
able  to  find  a  difference.  It  is  often  made  ufe  of  as  the 
means  by  which  connoitfeurs  are  enabled  to  judge  of  the 
llighteft  imperfection  or  taint  of  the  fubftance  under  exa- 
mination, whether  of  the  different  tribes  of  animals,  or 
of  parts  of  them  which  have  been  preferved,  as  bacon, 
che'efe,  &c.  from  which  it  would  appear  that  thefe  odo- 
rous particles  depend  upon  the  peculiar  component  parts 
of  the  animal  matter.  In  certain  parts  of  fome  animals 
this  aroma  feems  to  be  more  particularly  concentrated, 
and  appears  to  have  been  either  fecreted  for  fome  unknown 
particular  purpofe,  or  is  merely  an  excrement ;  of  thefe 
there  are  four  which  have  undergone  fome  flight  chemi- 
cal invefligation,  viz.  Jmbergrisy  Qi/ior^  Civet  and  Mti/h, 
all  of  which  are  the  produfts  of  the  mammalia  rlafs. 
The  flrong,  tenacious,  i^romatic  odour  which  conflitutes 
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the  more  remarkable  charaiflers  of  tlicfe  fubftances,  ap- 
pears, however,  not  to  be  peculiar  to  them  alone,  but 
feems  as  it  were  to  form  a  genm  of  anmata  in  nature, 
fjnce  many  fubflances  offer  one  analogous  to  them,  more 
particularly  rcfembling  that  of  ambergris  and  mufk.     It 
is    found  in  fome  infe6ts,  and   in  a  number  of  the  la- 
biated  plants,  and  the  elaboratories  of  chemiftry,  where 
animal  fubftances  have  been  analyzed,  often  give  occafion 
of  obferving  the  very  fame   aroma.     Morveau  has   ob- 
ferved  alfo,   that  urine  when  brought  to  an  extract,  the 
falts  of  urine  when  moiftened,   and  the  human  bile  and 
that  of  the  ox,  when  kept  for  a  certain  time,  emit  an  odour 
of  this  fpecies  fo  ftrong  as  to  have  deceived  feveral  people, 
who  could  not  believe  the  origin  of  thefe  fingular  per- 
fumes.    Likewife  in  bilious  difeafes,  the  perfpiration  has 
beeri  fometimes  found  to  poiTefs  this  odorous  character. 
The  dung  of  the  cow,  Morveau  informs  us,  has  the  fame 
property,  and  by  diftilling  alcohol  upon  this  excrementi- 
tious  matter,  an  aromatic  liquor  is  prepared  by  the  name 
of  ct2u  de  mille  feurs.     It  would  appear  that  this  odour, 
whether  naturally  or  artificially  procured,   is  owing  to 
fome  principle  which  chemiftry  is  yet  ignorant  of. 


AMBERGRIS. 

Amber-  Ambkrgris  is  a  concrete  matter  of  a  foft  and  tena- 

K"'*  cious  conftftence   like  wax,   or  folid   and    breaking  like 

the  gum  refins  j  it  is  of  a  gray  colour  marked  with  yellow 
or  black  fpots,  and  when  heated  or  rubbed,  has  an  agree- 
able and  peculiarl}'  ftrong  aroma,  which,  however,  to 
fome  people  is  unplcafant.  The  older  it  has  been  kept 
the  more  agreeable  is  the  aroma,  and  it's  confiftence,  ac- 
cording to  Swediaur,  depends  upon  it's  having  been  ex- 
pofed  to  a  more  or  lefs  warm  air.    It  is  called  by  the  later 
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Greek  writers,  amlar,  by  the  Latins  omhra  grifea  or  aT- 
baritm ;  and  fometimes,  as  Fallopius  has  written  it,  am- 
braca.  It  is  called  by  the  French  ambregris  or  a?nhre^  and 
by  the  Germans  ambra  or  grauer  a?nbra. 

Under  the  title  amber  the  ancients  comprehended  ano-  Differs  from 
ther  fubftance,  very  different  in  it's  nature  and  properties  ^™  ^'' 
from  this.  It  is  known  by  the  name  of  yellow  amber^ 
and  is  a  fpecies  of  bitumen  ;  it  was  called  by  the  ancient 
Greeks  -nhi^T^av  j  by  the  Arabs  ^^r^i*^ ;  by  the  Latins  amhra 
Jlava  or  fucchium  ;  by  the  French  it  is  named  ombre  jaune^ 
citrin  or  fucan  ;  and  h\  the  Germans  agtjiein  or  ber^Jlei?u 

Naturalifts  have  diftinguifhed  feveral  varieties  of  am- 
bergris.    Wallerius  mentions  fix. 
J .  Ambergris  with  yellow  fpots     "^  Thefe  are  the  mofl  varietios  of 

2.  — with  black  fpots        i      precious.  ambei- 

'  -^         *  gris. 

3.  White. 

4.  Yellow. 

5.  Brown, 

6.  Black. 

Thefe  varieties  depend  on  the  mixture  of  certain  marine 
fubftances  which  they  contain.  It  is  found  in  irregular, 
fometimes  globular  maffes,  confiftino;  of  ftrata  of  different 
kinds,  and  more  or  lefs  thick  according  to  the  number 
united.  Pieces  have  been  found  of  more  than  200  lb. 
weight.  It  has  evidently  been  in  a  liquid  flate,  as  it  en- 
velops many  foreign  matters,  fuch  as  fcjuids,  or  the  bones 
of  the  cuttle  and  other  fifh,  foffil  (hells  and  other  marine 
bodies. 

It  is  found  floating  on  the  fea  near  the  Molucca  Iflands,  where 
Madagafcar  and  Sumatra,  likewife  on  the  coafts  of  Coro-  ^'^""  ' 
mandel,  Brafil,  and  on  thofe  of  Africa,  China  and  Japan. 
It  is  feldom  found  in  large  pieces,  although  it  is  related 
that  Lockner  faw  one  of  42,  and  Kcemplcr  another  that 
weighed  130  pounds, 

The  (late  of  analyfis  of  this  fubflance  is  very  impcrfcft  ;  If?  difliila- 
fome  experiments  were  made  upon  it  many  years  ago  by 
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GcofTrcy,  Ntumann,  Grim  and  Brown,  but  they  arc  very 
impcrfccl.     Wc  learn  from  them,  that  the  flrong  aroma 

*  of  ambergris  is  communicated  to  th- water  which  aril'cs 

on  diftillation  :  that  in  a  model  jVj  heat,  it  melts  like 
wax,  and  then  rcfcmbles  a  thickilli  blackiili  oil,  exhales 
vapours,  foams,  and  at  length  entirely  evaporates ;  that  in 
the  flame  of  a  candle  it  inflames  and  burns  away  with  a 
clear  flame.  By  the  dry  diftillation  it  iiffbrds  a  fourifli 
water,  a  little  fixed  fait,  and  fome  oil. 

According  to  Hagen,  it  is  not  folublc  in  water  but  is 
in  alcohol,  and  flill  more  fo  in  the  vitriolic  cethcr. 

A  more  exa6l  analyfis  of  ambergris  has  been  made 
by  Vauquelin  and  Bouvier  upon  a  variety  fent  them  by 
3Macquart.  This  was  the  bldck  variety.  It  was  compof- 
ed  of  flrata  of  diflerent  colours  and  thicknefs.  In  certain 
parts,  white  crvftals  were  evident ;  they  were  ifolated.  It's 
odour  was  flrong  and  difagreeable,  refcmbling  in  fome 
refpe^l  the  urine  of  the  mare  3  this  was  more  particularly 
fo  with  the  fait  obtained  by  the  evaporation  of  this  fluid. 
It  was  fpecifically  lighter  than  water. 

Water.  Fifty  parts   of  this   pulverized  ambergris  were  boiled 

in  two  oz.  of  difiilled  water  for  10  minutes,  the  odour 
which  arofe  was  much  Icfs  difagreeable  than  that 
from  the  folid  fubflancc.  It  tinged  the  water  of  a  deep 
ft  raw  colour;  at  60"  it  lYicUcd  and  fwam  upon  the  fur- 
face,  and  was  of  a  femipellucid  brown  colour.  The  fil- 
tered liquor  produced  no  change  upon  firup  of  violets. 
On  evaporation,  nearly  two  grains  of  a  yellow  produft 
were  obtained  of  a  fliarp  and  faline  favour,  mixed  with 
cryflals  of  common  fait.  The  folution  changed  the  firup 
of  violets  green. 

Aicuhoi,  Boiling  alcohol  diffolvcd  a  great  part  of  the  rcfiduum, 

became  of  a  deep  brown  colour,  and  the  black  grumous 
matter  remaining,  being  treated  a  fecond  time  with  alco-- 
hoi,  became  yellow,  but  it  did  iiol  dilfolve  it.     The  rtli- 
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duum,  which  was  almoft  entirely  formed  of  membranous 
matter,  dried  and  put  on  red  coals,  produced  a  yellow^ 
fetid,  ammoniacal  fmoke. 

On  cooling,  the  alcohol  depofited  a  great  part  of  what 
it  had  taken  up. 

A  portion  of  this  refiduum  on  diftillation  a.Torded  a 
red  oil  extreme'y  fetid,  and  exaftly  fimihrto  that  of  other 
matters,  and  fome  carbonat  of  ammonia. 

From  it's  treatment  with  alco.hol,  it  appears  that  the 
aromatic  part  does  not  refide  in  the  refinous  part  of  the 
ambergris.  The  brown  membranous  parts  of  it  pre- 
fentcd  many  of  the  characlers  of  animal  matter,  although 
their  coal  being  not  light,  made  them  approach  to  the 
alffae  which  have  fome  refemblance  to  animal  matters. 
Are  they  therefore,  it  has  been  aflced,  animal  membrane?, 
or  remnants  of  the  fuci  ? 

The  cryftals  found  in  the  ambergris  appeared  to  be  a 
mixture  of  fand  and  calcareous  earth. 

Oxygenated  muriatic  acid  poured  upon  a  portion  of  the  Oxvgenated 
alcoholine  rcfin  of  the  ambergris,   took  away  it's  brown  add.^  '*^ 
colour,  but  did  not  perfecl:ly  whiten  it  ;   it  remained  yel- 
lowifh  and  loft  it's  odour,  and  the  fame  happened  to   the 
acid.     It's  confiftence  however  was  not  changfcd. 

Well  reftified  ether  diffblved  the  greateft  part  of  the  pti^pj, 
ambergris,  which  had  been  previoufly  treated  with  boil- 
ins:;  water.  The  refiduum  was  black  and  grumous,  but 
affbred  no  pellicles,  as  was  the  cafe  with  the  alcohol. 
The  fpontancous  evaporation  of  the  ether  from  the  refi- 
nous part  weakened  the  odour  of  the  refiduum  by  raifing 
it  iivto  the  atmofpherc. 

Thirty  parts- of  oxyd  of  filver  and   three  parts  of  the  Ow^i  of 
rcfin,  by  a  gentle  heat,  afforded  from  fix  to  fcven  inches  of  '* ''   " 
carbonic  acid  gas,  without  any  mixture  of  hydrogen  gas. 
In  the  tube  of  the  apparatus  fevcral  clear  and  tranfparent 
drops  of  water  were  obferved,  and  the  filver  bei-ng  re- 
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(liiced  weighed  21  grains.  This  experiment  upon  larger 
quantities  might  perhaps  give  the  proportions  of  the  prin- 
ciples of  this  refin,  or  at  leaft  of  the  hydrogen  and  carbon 
which  form  it's  bafis.  It  might  be  even  poflihle  to  come 
at  it's  quantity  of  oxygen  by  exactly  knowing  that  of  the 
oxyd  of  filver. 
Expofed  to  Thirty  fix  grains  of  this  ambergris  expofed  to  the 
'^*^'  fire  in  an  open  crucible  foon  became  foft  and  melted  ; 

on  increafing  the  heat  a  few  degrees,  it  inflamed;  the  flame 
was  at  firlt  yellow  and  white,  and  the  fraell  difagreeable. 
The  fmoke  foon  ceafing,  the  flame  became  more  clear 
and  brilliant,  with  an  odour  refembling  that  from  burn- 
ing maRic  oVolibanum,  depofiting  carbon  extremely  di- 
vided, as  is  the  cafe  with  odorous  fubflances.  The  refi- 
duum  was  three  grains  and  a  half  of  white  matter  in  very 
diftinft  hard  grains,  the  greater  part  of  which  \tas  fand 
and  carbonat  of  lime. 

No  more  traces  were  found  of  carbonat  of  foda  or  com- 
mon fait,  and  thefe  chemiftsfeem  to  think  that  they  were 
volatilized   by  the  heat,   fince  the  cdulcoration  of  the 
ambergris  afforded  thena  by  a  gentle  evaporation. 
Ufe.  Ambergris  is  employed  in  medicine,  but  it's  greatefl 

ufe  is  as  a  perfume  mixed  w  ith  mufk,  the  aroma  of  which 
it  fo  attenuates  as  to  render  it  milder  and  more  fupport- 
able. 
Charaftcis        As  this  fubftance  is  very  dear,  it  is  often  falfificd  and 
amber-        mixcd   With  different   fubftances.      The   real  ambergris 
f"*-  has, the  following  character  :  it  is  flaky,  infipid  to  the 

tafte,  of  a  fweet  odour ;  expofed  to  the  flame  of  a  candle 
in  a  filver  fpoon  it  melts  without  fcum  or  bubbles.  It 
floats  upon  water,  and  does  not  adhere  to  a  red-hot 
iron ;  that  which  does  not  poflTefs  thefe  properties  is 
adidtcrated  and  impure. 
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ORIGIN    OF   AMBERGRIS. 

Natural  hiftorians  and  chcmifts  have  been  very  much  Diffrent 
divided  refpecling  the  origin  of  ambergris.  The  greater  °i^"""-'^^- 
number  have  looked  upon  it  as  a  bitumen,  a  fort  of  pe- 
troleum, that  iffuei  from  the  rocks,  and  was  condenfed 
by  means  of  the  fun  and  the  aftion  of  the  fait  water. 
Cartheufar  made  no  doubt  of  it's  being  of  this  nature,  and  Cartheufar. 
what  confirmed  him  in  this  opinion  was  the  analyfis  of 
it  by  the  chemifts,  particularly  by  Neumann,  who  got 
the  fame  component  parts  from  it  as  from  amber,  viz. 
phlegm,  a  volatile  acid,  partly  fluid,  partly  fixed,  an 
oil,  and  a  little  carbonaceous  matter.  Macquer,  how- 
ever, obferves,  that  it  differs  from  common  amber  by 
being  far  lefs  hard,  and  not  fmooth  or  able  to  take  any 
polifh  ;  it  is  likewife  opake  and  fufible;  that  it  is  alfo  ren- 
dered fofter  even  by  the  heat  of  the  hand,  like  wax.  Like- 
wife  on  diftillation  it  leaves  much  lefs  carbonaceous  mat- 
ter, from  which  it  appears  to  him  to  be  of  a  much  more; 
oily  nature  than  common  amber. 

Ambergris  has  been  likewife  fuppofed  to  be  of  vege- 
table origin.  Aublet  affirms,  (Hiftoire  des  Plantcs  de  la  Anbiet, 
Gujane,  1774)  that  it  is  nothing  but  the  juice  of  a  tree  in 
Guiana  infpifiated  by  evaporation  ;  that  this  tree  is  called 
cuma,  and  by  Linnaeus,  amyris  ambroifiaca ;  that  the 
river  wafhes  pieces  of  it  into  the  river,  that  Rouelle  has 
examined  many  of  thefe  pieces  and  found  them  to  agree 
perfectly  with  ambergris  in  their  properties.  Rumph 
has  alfo  noted  a  tree  called  nanarium  which  affords  fuch 
a  juice.  Bergman  was  alfo  of  opinion  that  it  was  of  ve- 
getable origin.  Plinv  in  old  times  was  of  the  fame  opi- 
nion. 

Some,  on  the  cf)ntrarv.  have  fuppofed  it  to  ho  the  ex- 
crement of  birds  that  live  upon  odoriftiroui  herl,>s,  and 
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Others  have  attributed  it's  origin  to  the  matter  rendered 
by  the  fca  cow,  or  the  excrement  of  the  crocodile,  &c. 
Tomet  and  Pomct  and  Lcmcry  believed  it  to  be  a  mixture  of  wax 
Lcmcr} .  ^^^  honcy  roaftcd  by  the  action  of  the  fun  ;  and  Fourcroy, 
who  adopted  the  fame  opinion,  fays,  that  a  product  very 
analogous  to  that  of  ambergreafe  may  be  obtained  from 
thefe  two  fubuances. 

Some  Englifli  authors  have  looked  upon  it  as  an  animal 
juice  depofitcd  in  facs  placed  near  the  organs  of  generation 
in  the  male  whale  ;  and  others,  think  that  it  was  formed 
in  the  urinary  bladder  of  that  animal ;  but  both  thefe  opi- 
nions arc  contradicted  by  the  beaks  of  the  cuttle  lifh  be- 
ing found  in  this  concrete  juice.  At  length.  Dr.  Swe- 
Swediaiv.  diaur,  a  Swede,  after  having  examined  a  great  number  of 
fpecinxens  of  ambergreafe,  and  the  accounts  of  feve- 
veral  navigators,  looks  upon  it  to  be  formed  in  the  ali- 
mentary canal  of  the  phyfeter  macrocephalus,  afpeciesof 
whale  from  which  the  fpermaccti  is  extracted.  He  con- 
fiders  it  as  an  indurated  excrement  mixed  vsith  certain 
parts  of  it's  aliment,  on  a  kind  of  bezoard  of  this  cetace- 
ous animal.  He  grounds  his  opinion  on  the  following, 
circumftanccs : 

ift.  Becaufe  fiflicrmen  find  ambergreafe  In  this  whale. 

2d.  Becaufe  ambergreafe  is  common  in  thofc  regions 
frequented  by  this  whale. 

3d.  Becaufe  the  beak  or  chops  of  the  fcpia  o6lopcdia 
on  whivh  the  animal  feeds  is  always  found  in  it. 

4th,  Becaufe  he  difcovered  the  black  fpots  in  this  con- 
crete fubftance  to  be  the  feet  of  this  polypus. 

5th.  Finally  becaufe  the  excrements  of  feveral  quadru- 
ped.^, fuch  as  cows,  pigs,  &c.  after  being  kept  a  certain 
time  exhale  an  "odour  analogous  to  that  of  ambergreafe. 

The  inquiries  of  this  phyfician  have  rendered  this  opi- 
nion of  the  Japanefcand  of  Kcempfer  very  reafonable;  and 
nothing,  fays  Fourcroy,  is  wanting  to  it's  entire  confir- 
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mation,  but  the  obfervation  of  fome  real  naturalift  made 
upon  the  fpot. 

It  has  been  feen,  however,  that  this  fubftance  analyzed 
by  GeoflTroy,  Neumann,  Grim,  and  Brown,  afforded  the 
lame  principles  as  bitumens,  /,  e.  an  acid  fpirit,  a  con- 
crete acid  fait  oil,  and  a  carbonaceous  refiduum,  which 
induced  them  to  rank  it  amongft  thofe  bodies.  To  this 
Swediaur  obferves,  very  truly,  that  the  calculi  of  animals 
likewife  afford  an  acid,  and  that  the  prefence  of  this  fait 
is  a  proof  in  favour  of  his  opinion,  lince  fats  contain  it 
alio  in  confiderable  quantity. 

This  phyfician  has  likewife  been  informed  by  feveral 
American  fifliermen,  that  they  have  found  ambergris 
very  often,  either  amongft  the  excrements  of  the  phyfeter 
macrocephalus  of  Linneus.  or  in  it's  fiomach,  or  in  a 
pocket,  which  they  fay  is  fituate  near  the  vifcera,  pro- 
bably the  csecum. 

In  fupport  of  the  opinion  of  Swediaur,  it  may  be 
added,  that  according  to  the  teftimony  of  Coffin,  who 
was  examined  before  the  committee  refpe6ling  ambergris, 
it  appears,  that  the  fpermaceti  whale,  who  lives  on  this 
polypus,  or  what  the  failors  call  fquids,  evacuates  his  ex- 
crement on  being  ftruck  with  the  harpoon ;  and  if  this 
does  not  take  place,  they  conje6lure  there  is  fome  amber- 
gris in  his  bellv,  looking  upon  this  fubftance  to  be  either 
the  caufe  or  cffe6l  of  difcafe.  Such  are  the  reafons  whr 
this  fubftance  may  be  ranked  amongft  the  refinous  and 
odoriferous  matters  of  the  animal  kingdom. 

In  oppofition  to  the  opinion  of  Swediaur,  Dandrada,  Baadrada, 
a  Brafillan,  publiflicd  an  account  of  the  origin  of  this 
fubftance;  who,  after  having  obferved,  that  it  is  only 
upon  account  of  the  chops  of  the  cuttle-fifti,  that  Swe- 
diaur has  founded  his  opinion,  thus  continues  his  nar- 
r?.five,  which  is  extraeled  from  Fourcroy's  account  in  the 
Encyclop.  Methodique. 

VOL.  n.  f 
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"  Kaempfcr  thought,  after  the  Japanefe,  that  amhergri.-i 
was  an  excrement  from  the  whale ;  and  the  opinion  of 
Swediaur  is  only  a  modification  of  it.  The  natives  of 
Brafil,  at  the  time  of  it's  dlfcovcry,  were  of  the  fame 
fentiment;  but  whoever  will  take  the  trouble  to  examine 
the  grounds  on  which  it  is  fupported,  and  the  places 
where  it  is  found,  will  be  convinced  of  the  contrary." 

If  ambergris  was  the  excrement  of  the  difeafed  whale, 
it  would  be  found  in  all  the  places  where  it  frequents,  but 
dn  the  contrary,  ft  is  only  found  on  feme  fliores  of  the 
warmer  climates,  as  at  Madagafcar,  the  iflands  of  Cape 
Verd,  Japan,  China,  the  Brafil  Iflands,  See.  In  this  laft 
country,  it  is  only  to  be  met  with  on  fome  of  the  fhores 
and  bays,  principally  at  the  mouth  of  the  river  Camouci, 
in  the  precin6ls  of  the  territory  of  Maragnon,  and  in  th« 
bay  of  All  Saints.  From  20''  of  fouth  latitude,  to 
the  river  Plata,  it  is  never  met  with.  Now,  it  is  at  Santo, 
the  country  of  Dandrada,  fituate  at  24°  of  fouth  lati- 
tude, and  at  Santa  Catherina,  ftill  more  to  the  fouth,  that 
the  whale  is  caught. 

According  to  Dandrada,  ambergris  is  not  an  excre- 
ment, fince,  at  Brafil,  it  has  been  feveral  times  extraded 
from  the  ftomach  of  the  whale. 

Magalhaens  Gandavo  affirms  in  his  hiflory  of  Brafil, 
printed  at  Lifbon  ill  1576,  that  fome  whales  had  been 
diflefted  on  purpofc,  and  that  pieces  of  ambergris  had 
been  found  in  the  ftomach  of  one  of  them,  and  fome  in 
the  inteftines,  that  were  become  more  foft.  All  this  is 
lately  confirmed  in'the  Courier  de  I'Europe,  for  the  1 1th 
of  January,  1791  ?  v.hich  relates,  that  the  veflel,  the  Lord 
Hawkefbury,  had  lately  caught  a  whale,  from  the 
cefophagus  of  whicli,  it  is  faid,  400  ounces  of  ambergris 
have  been  extracted. 

Befides,  .if  it  was  an  excrement  unnaturally  hardened, 
as  is  the  oi)ink)n  of  Swediaur,  it  would  neither  be  found 
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in  ftrata,  which  are  almp|l  ahysiys  hgrizoKtal,  p.f  unequal 
lize,  and  fpnietimes  even  (jifferent  in  tfheir  n4ture.  It 
is  obferved  by  Boinare,  that  the  ambergris  he  examined, 
from  the  eaft,  was  compofed  of  ftrata,  of  which  the  fe- 
cond  was  inodorous,  calcareous,  and  faUne.  If  there  are 
fome  pieces  that  have  fpots,  and  the  chops  of  the  cuttle- 
fifli,  there  are  Hkewife  many  that  are  homogeneous,  and 
without  fpots ;  and  even  Pelletier  fhowed  a  piece,  at  one 
of  the  fittings  of  the  Societv  of  Natural  Hiftory,  at  Pa- 
ris, that  contained  feme  fmall  (liells.  It  is  probable  thofe 
pieces  that  contain  the  beaks,  are  the  fame  that  had  been 
fwallowed  by  the  whale. 

Why,  afks  Dandrada,  are  they  only  fo^nd  on  the 
fliores  after  tempefts  ?  and  why  are  not  the  other  hard 
excrements  of  the  fame  fifli  found  at  the  fame  time  ?  and 
■why  is  it  only  foft  ambergris,  and  without  confiftence  ? 
That  of  the  fliores  is  likewife  lefs  coloured  than  that 
taken  from  the  whale,  which  ought  to  be  the  reverfe,  ac- 
cording to  Swcdiaur's  opinion,  fince  this  mud  have  been 
expofed  a  longer  time  to  the  heat  and  light. 

It  is  related  by  an  author  of  an  ancient  Portuguefe  ma- 
nufcript,  on  the  moft  remarkable  things  of  Bralil,  for  the 
year  l6S0,  that  one  of  his  friends,  Antonio  Gil,  had 
Ihown  him  a  marine  fpring  in  the  ifland  of  Tapaii:a,  in 
the  bay  of  All  S?ints,  which,  when  the  fca  was  low,  ap» 
peared  vifiblc,  where  he  had  feen  ambergris  fpring  up 
and  increafe  between  the  rocks  near  it.  Simoneus  de 
Vafconcello,  fuperio-r  of  the  Jefuits  of  Brafil,  affirms,  in 
his  introdu£lion  to  the  chronicle  of  that  province,  printed 
at  Lifbon,  in  1720,  that  at  Taparica  foffil  ambergris  was 
to  be  met  with.  Now,  all  thefc  obfervations  and  autho- 
rities, fays  Dandrada,  are  abfolutely  contrary  to  the 
bypothefis  of  Swediaur. 

The    analyfis  of    GeoftVoy,    Neumann,    Grim,    and 
Brown,  although  imperfe^:,  conftantly  afforded-  them  th$ 
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fame  liquid  and  concrete  acid,  fome  oil,  and  charcoal ;  but 
if  ambergris  was  an  excrement  of  this  fifh,  it  ought  to 
have  afforded  ammonia,  and  other  prcdufts  of  animal 
fubftances ;  for  all  the  other  excrements  of  the  mamma- 
lia tribes  afford  it.  Thefc  chemids  likewife  fay,  that  the 
acid  they  obtained  from  it  was  the  fame  as  from  bitu- 
mens, 7.  e.  the  fucclnic  acid.  Some  chemifis  affirm 
it  to  be  of  animal  origin,  from  it's  odour;  but  this 
odour,  unfolded  by  the  a<Slion  of  air  and  light,  and  which 
increafes  by  age,  mull  not  be  confounded  with  that  of  tlic 
bile,  the  calculi  of  which  are  round,  and  cryftallized  in 
concentric  ftrata.  This  hypothcfis  may  likewise  be  de- 
fended by  the  observation  of  Rome  de  Lille  (Journ.  de 
Phy.  V.  2.  1784)  who  fays,  that  the  fepia  o£lopcdia,  Lin. 
or  the  polypus  o6lopus  of  Rondelct,  was  called  by  the 
ancients,  according  to  Rondolet,  eladone,  d'ozaina,  and 
d'ofmylus,  becaufe  this  V\x\i\ [melh  zvell.  That  the  mo- 
dern Greeks  call  it  mofchylis,  becaufe  it  fmells  like  ynujh^ 
and  not  only  when  alive,  but  when  dead  and  dried. 

Now  is  it  not  infinitely  probable,  fays  Rome  de  Lifle, 
that  the  mufky  odour  of  this  polypus  contributes  to  form 
that  of  the  ambergris,  becaufe  it  is  found  in  whales  that 
eat  this  kind  of  polypus;  and  that  ambergris,  or  at  lead 
it's  odoriferous  bafis,  arifes  from  this  digefled  polypus  ? 
But  Dandrada  obferves, 

ift.  That  this  appearance,  from  what  has  been  faid,  ia 
not  probable. 

9d.  That  it  is  neceffarv  to  diflinguifb  this  mufk^ 
odour  from  that  of  the  amberiiris. 

3d.  That  as  this  polypus  affords  a  very  black  colour,  it 
would  undoubtedly  blacken  all  the  pieces  of  ambergris. 

4ih.  That  at  Brafil,  where  ambergris  is  found,  thefe 
polypi  are  very  rare,  and  on  the  contrary,  they  are  very 
abundant  in  other  parts  frequented  by  the  whale,  wherp 
no  -imbcrgris  is  to  be  foUud. 
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But  what,  l\iys  the  fame  author,  is  the  nature  and  ori- 
gin of  ambergris  ?  After  what  has  been  faid,  and  con- 
fidering  the  property  which  it  has  of  adhering  to  the 
knife  when  cut,  hke  wax,  and  foft  bitumens,  and  from 
it's  inflammabihty,  and  fufion  into  a  thick  and  blackifh 
oil,  it  appears,  fays  Dandrada,  we  may  run  the  hazard  of 
faying,  that  it  is  a  kind  of  fubmarine  bitumen,  peculiar 
to  warm  chmates,  which  being  thrown  by  the  waves  on 
the  (bore,  becomes  hardened  ;  that  this  bitumen  is  fome- 
times  fwallowed  by  the  whale,  and  others  of  the  cetace- 
ous tribes,  which  not  being  able  to  digeft  it,  part  with  it 
more  or  lefs  changed,  along  with  their  other  excrements. 
That  the  ambergris  found  by  Donadei,  on  the  fea  (bores 
on  the  coafls  of  Guinea,  which  was  foft  and  vifcous,  and 
of  an  odour  which  he  called  llrongly  refinous,  and  which 
it  loft  after  a  certain  time,  and  becomes  folid,  is  not 
againft  my  opinion,  it  came  from  the  iflands  of  Cape 
Verd,  or  the  Canaries,  as  well  as  the  pumice-ftones  of 
thefe  iflands,  to  be  met  with  on  the  coafts  of  Gafcony, 
and  which  have  been  driven  there  by  the  currents  of  the 
ocean  and  Mediterranean.  The  complete  analyfis  of  this 
fubftance,  and  the  more  numerous  obfervations  which  I 
intend  to  make  at  the  Brafils  and  the  iflands  of  the 
Cape,  may,  perhaps,  put  this  matter  in  every  pofllible 
light. 

This  celebrated  chemift  contends,  that  in  fpite  ofDan- 
drada's  obfervations  and  reflcftions,  he  is  far  from  having  ^"""^roy. 
proved  that  ambergris  is  a  bitumen  analogous  to  amber 
jet,  or  common  coal,  &c.  On  the  one  fide,  there  is  too 
great  a  diflference  between  this  fubftance  and  the  real  bi- 
tumens J  on  the  other,  too  great  an  analogy  between  the 
properties  of  ambergris  and  a  great  number  of  fubllances  , 

that  are  odorous,  or  fufceptible  of  becomino;  fo  by  fucceflfive 
alterations,  to  adopt  his  opinion.     It  is  not  fo  improbable 
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to  think,  that  even  the  matter  of  the  body  of  the  fepia 
0(^rtped!a,  may  contribute  to  it's  formation.  The  Indian 
ink,  which"  ■?§■  made,  'as  we  ah  informed,  from  the  black 
jtiice  of  this  polvpnS,  affords  a  very  ftrong  odour  of  am- 
b'etprri^.  One  of  the  varii^lits  of  ambergris  is  of  a  black 
colour,  and  very  ftrongly  arbmdtic,  it  refcmblcs  a  black 
thibk  juicf ,  ahd  animal  rrf^inbrancs  are  eVcn  found  it:, 
lioi-  is  it  rc'jc&ied  by  the  perfumers. 

Ambergris  Was  only  known  in  France,  is  coming 
frdhi  the  two  Indies.  In  the'  Journal  de  Phyfique,  ibr 
Mdy,  17903  Donadei  certified  that  this  fubftance  likewife 
belonged  to  the  coafl  of  Gafconv  ;  and  it's  exiftence  on 
thi^  coaft  appeared  to  hitii  to  confirm  the  refearches  of 
jDbfto^  S\Ve'draur,  by  whibh  he  proves  that  ambergris  is 
■an  animal  pro'du(ilion  belonging  to  the  whale. 

It  appears,  that  Dandrada,  in  one  of  the  latter  fittings 
of  the  ibcietyj  was  of  i  ccrntrary  opinion;  he  fuppofcd  it 
to  be  a  fpecinien  of  bitumen  arifing  from  fome  fubina- 
rinc  volcanb,  and  corifcqucntly  he  looks  upon  it  as  a  mi- 
neral fubftancc.  If  this  opinion  be  true,  the  gulf  of 
Gafcohy  oiily  owes  it's  ambergris  to  the  iflands  of  the 
Azores  ;  thofe  of  Cape  Vcrd,  and  the  Canaries,  tend 
by  very  violent  currents  towards  the  coaft  of  Earbarv. 
Chemical  analyfis  onlv  can  decide  this  queftion.  As  to 
Fourcroy,  he  looks  upon  it  as  an  animal  fubflance. 

lUh  From  the  urinous  odour  it  exhales  when  frefh  caft 
upon  the  coaft  ;  it  is  thai  pretty  foft  and  vifcous. 

2d.'F\'om  the  avidity  with  which  the  fea  birds  fearch 
for  it.  Thcfe  live  only  on  fifli.  The  horizontal  and  va- 
rious ftiaded  firata  of  the  different  pieces  'of  ambergri?, 
cannot  be  a  proof  of  Dandrada's  fyftem  ;  on  the  contrary, 
a  fubftance  fcdft  into  a  dcnfcr  fluid,  and  which  does  not 
diftr;lvc  it,  cannot  form  any  horizontal  ftrata  ;  and  this  is 
not  the  cafe  where  this  fubftance  may  eafily  incrcafe  by 
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drata :  as  to  their  fhadesj  thfe  antiquity  of  it's  firata,  and 
the  different  places  in  which  the  animal  has  lived^  may 
occafion  them. 

The  fliells,  the  jaws,  of  the  fepia  odtopedia,  and  th^ 
other  bodies  found  in  it,  can  only  be  foreign  to  it's  na- 
ture, and  have  been  united  to  it  at  the  edges  of  the 
coaft  where  this  fubftance,  fiill  foft,  is  caft  about  and 
rubbed  by  the  waves. 

Laftly,  if  uniting  the  two  opinions,  ambergris  was 
really  a  bitumen,  which  had  need  of  fojourning  fome 
time  in  the  body  of  the  whale  to  acquire  all  it's  properties^ 
the  queftion  would  be  very  difficult  to  refolve ;  he  there- 
fore looks  upon  it  as  a  fort  of  bezoar,  and  the  yellow 
part  as  having  much  analogy  to  the  bile.  The  bed  am- 
bergris has  a  gray  ground  with  fmall  yellow  fpots. 

According  to  Fourcroy,  the  j)hy(ical  properties  of  am- 
bergris, and  it's  analyfis,  do  not  iiidicate  that  it  is  of  ani- 
mal origiii ;  they  rather  feem  to  announce  it  to  be  a  fa6ti- 
tious  compofition  of  vegetable  refins,  of  animal  pellicles 
or  ^lembranes,  and  of  a  certain  quantity  of  the  excre- 
ment of  fome  quadruped,  particularly  that  of  the  horfe, 
to  which  it's  odour  is  owing,  fince  this  odour  is  the  fame 
as  that  of  the  falts  and  exira£l  of  the- urine  of  that 
animal. 

From  thcfe  details  it  appears  we  are  far  from  knowing 
the  intimate  nature  and  properties  of  ambergris,  and  of 
determining  it's  origin  Avi'th  precifion.  It  is  for  chemical 
analyfis  alone  to  pronounce  on  this  interefting  object. 
Till  then,  it  has  been  placed,  with  Hildebrandt,  amongft 
the  animal  fubftances. 

Hagen  von  der  Auflofung  des  Grauen  Ambers  in  Vi- 
triolcether,    in  Crejl's  Chemifch.  Annal.  t.    11.   f.   99.. 
1784. — Cafper  Neumann,  Difquifitio  de  Ambra.  .Drefd. 
1736. — Information  of  the  origin  of  Ambergris.     Phi- 
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loADph.  Tranf.  parti.  1791. — Encyclop.  Method,  ar- 
ticle Ambre-gris,  by  Fourcroy. — Neue  Zufaetze  and  An- 
merkungcn  zu  Maciqucr's  Chyni.  Woerterb.  von  Lcon- 
hardi.    Erft.  B.  p.l21. — Graue  Amber. 


CASTOR, 


Caflor.  This  animal  fubftance,  when  frefli  and  juft  taken  from 

the  animal,  is  foft,  and  nearly  in  a  fluid  ftate;  it  is  of  a 
ycllowifh  colour.  By  drying  in  the  atmofphcre,  it  af- 
fumes,  in  time,  a  refinous  friable  confidence,  and  be- 
comes of  a  much  darker  and  brownifh  colour.  In  this 
laft  ftate  it  Is  generally  met  with  at  the  fliop?.  It  has  au 
acrid,  bitter,  naufeous  favour,  and  it's  odour  is  ftrong, 
aromatic,  and  even  fetid,  which  it  communicates  to  the 
water  extracted  from  it. 
brdl^'h  "^  For  the  befl  analyfis  of  this  fubftance  we  are  indebted 
Giange.  to  dc  la  Grange  J  he  found,  that  two  ounces  of  it  mace- 
rated in  water,  at  the  temperature  of  60^  for  12  hours, 
became  confiderably  foftened,  and  gave  the  water  a  pale 
yellow  colour. 

This  water  changed  the  blue  colour  of  vegetables  to  a 
green,  and  when  exficcated,  it  was  foluble  in  alcohol^ 
effervefced  with  acids,  and  was  dellquefcent. 

Having  macerated  fome  caftor  in  water,  at  40^,  for  24 
hours,  it  divided  into  an  infinity  of  fmall  particles,  the 
water  became  whitifh,  and  covered  with  a  brown  oily 
pellicle,  perfciSlly  foluble  ui  alcohol.  Having  added  one 
drachm  of  carbonat  of  putalh  in  a  dellquefcent  Hate,  to 
tour  ounces  of  this  liquor,  the  mixture  prefented  a  very 
curious  pl'.enomenon.  It  formed  three  very  dillinft  parts, 
viz.  red,  Ihnpid,  and  whitifh.  Having  fcparated  and  ex- 
ficcated thcfc  three  liquors, 
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The  red  part  afforded  a  fubftance  of  a  deep  gray  colour 
one  part  of  which  was  attracted  by  the  magnet,   and  fo- 
luble  in  muriatic  acid.     Expofed  in  a   crucible  to  a  red 
heat,    12   grains    of   iron  and    6  grains  of  earth   were 
obtained. 

The  limpid  part  afforded  an  alkaline  matter  that  had  all 
the  properties  of  carbonat  of  potalh. 

The  ivhitijh  part  afforded  an  earthy  fubftance  fomewhat 
alkaline,  which  earth  appeared  to  be  calcareous. 

Some  caftor  macerated  in  water  four  days  in  a  fand 
bath,  afforded  a  fluid  of  a  mvich  deeper  colour,  and  on 
evaporation,  a  dry  extra6l  was  obtained  of  a  beautiful 
tortoifeflicll  colour.  This  extract  was  foluble  in  alcohol 
and  in  fulphuric  ether. 

From  the  alcoholine  folutlon  was  precipitated  by  dif- 
tilled  water,  a  refinous  fubftance,  fwelling  and  inflaming 
in  the  fire.  This  extra6l  was  alfo  partly  foluble  in  water. 
The  liquor  changes  the  blue  colours  of  vegetables  to  a 
green,  and  becomes,  according  to  Fourcroy  and  Chaptal, 
a  partly  extra<Slive  gelatinous  mucilage. 

The  muriatic,  nitric,  and  acetous  acids,  have  no  action 
on  caftor. 

If  caftor  be  mixed  with  quicklime,  and  a  little  water 
be  added,  a  lively, effervefcence  takes  place,  and  there 
arifesa  very  ftrong  ammoniacal  odour.  Carbonat  of  am- 
monia was  extra(?ted  from  it. 

Caftor  decompofes  the  metallic  falts,  which,  according 
to  de  la  Grange,  is  a  further  proof  of  it's  containing  a 
pure  alkaline  matter. 

It's  decompofition  by  the  retort  afiords  nothing  in  par- 
ticular. The  carbon  obtained  after  the  oper^ition,  expofed 
on  red  hot  coals,  burns  with  a  flame,  and  fwells  confider- 
ably.     The  nitric  acid  totally  diffolves  it. 

Hence  may  be  obtained  from  caftor,  according  to  this 
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chcmift,  carbonat  of  potafh,  a  calcareous  earth,  iron,  and 
pure  refin,  an  cxtra6live  gelatinous  mucilage,  a  volatile 
eirential  oil,  and  carbonat  of  animcmia. 
f  ouicroy.  According  to  Fourcroy,  caftor  confifts  of  a  coloured 
rclinous  matter,  foluble  in  alcohol  or  ether,  together  with  a 
gelatinous  mucilage,  and  an  extractive  matter,  taken  up 
by  water ;  and  likcwifc  a  folid,  which  cryftallizes  in  the 
aqueous  folution  by  evaporation,  but  the  nature  of  which 
has  not  yet  been  examined.  The  refin  of  cailor,  in  which 
it's  whole  virtue  refides,  appears  to  be  analogous  to  that  of 
the  bile.  It  has  not  yet  been  accurately  analyzed  ;  it  h 
only  afcertained  that  it  affords  a  fmall  quantity  of  effen- 
tial  oil,  and  volatile  alkali  by  diflillation  -,  and  that  ihe  fe- 
veral  matters  of  which  it  is  compofed,  may  be  feparated  by 
means  of  ether,  alcohol,  and  water. 
The  pro.  According  to  de  la  Grange,  the  beaver,  or  amphibious 

animal  from  which  caftor  is  extrafted,  was  called  by  the 
ancients  fibrum,  the  end  or  extremity  of  fomething;  and 
that  it  is  pretended  caftor  takes  it's  name  from  the  edge 
or  fliore  of  the  water  where  this  animal  generally  lives. 
Others  are  of  opinion  it  comes  from  the  greek  word  f«%?. 
The  Latins  called  it  Fiber. 

This  produ6lion,  which  the  beaver  affords,  is  the  caufc 
of  the  continual  war  which  man  has  waged  againfl  this 
innocent,  peaceable,  and  induflrious  animal,  whofe  man- 
ner of  living,  and  fiate  of  fociety,  as  Buflbn  fays,  is  a  proof 
of  the  great  perfcclion  he  has  attained  in  civilization, 
and  is  defcribcd  with  all  the  elegance  and  eloquence 
of  that  auth()r. 

The  caflor  is  taken  from  the  inguinal  region,  where  are 
to  be  found  four  bags  of  an  oval  flmpc,  a  large  and  a  fmall 
one  on  each  fide.  In  the  two  larger  bags  is  the  real  caf- 
tor. The  two  fmallcr  contain  a  fofter  and*niore  uniftuous 
fatty  matter,  of  the  fame  kind  of  fmell  as  that  of  caflor, 
which  is  ufed  by  the  hunters  as  a  decoy  fbr  foxes  and 
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Other  wild  beads  of  prey,  which  purfue  the  beaver  by  the 
I'cent.  It  is  brought  from  different  countries,  but  parti- 
cularly from  Pohind,  Ruffia,  the  Eaft  and  Welt  Indies, 
and  in  America,  from  Canada,  more  particularly.  This 
lafl:  fubftance  is  fometimes  fold  for  real  caftor.  Manufac^ 
tures  of  this  drug  are  formed  in  feyeral  places,  and  there 
is  one  at  Frankfort. 

This  fubftance  is  fo  well  imitated,  both  as  to  it's  odour  DifFcrenca 
and  form,  that  without  a  particular  and  attentive  exami-  I'rurand 
nation  it  would  be  difficult  to  find  out  the  difference  un-  ''ii'« '•"'^'''■« 
lefs  by  analyfis.     We  are  told  by  Neumann,   that  the 
caftor  of  the  full  grown  beaver  is  preferable  to  that  of  the 
younger,  and  hence  the  large  bags  are  the  beft.     From 
it's  being  fo  fcar^e,  it  is  often  adulterated.     It  is  ufual  to 
open  the  facks,  and  having  emptied  them,  to  replace  the 
caftor  by  a  compofition  of  dried   and  powdered  blood, 
gum  ammonia,  galbanum,  wax,  refin,  &c.   with  a  little 
j)owdered  caftor  and  the  inguinal  fat  of  the  animal  j  they 
are  then  glued  up  again  by  ifinglafs  fo  dextroufly  as  not 
to  be  detedled. 

According  to  de  la  Grange,  the  real  caftor  has  a  more 
penetrating  odoui",  the  bags  are  a  little  more  pointed,  and 
dofed  above  by  a  ligament  enveloped  with  the  fat  of  the 
animal ;  two  bags  are  generally  found  united  by  the  fame 
ligament.  If  thefe  bags  be  opened,  fom.e  filaments  are  to 
be  diftinguiflied  by  a  lens,  fome  of  which  are  whitifh, 
others  rcddifli,  united  tranfverfely.  The  falfe,  on  the 
contrary,  is  more  widened  above,  and  appears  as  if  fewed, 
whilft  the  interim  only  prefents  a  fpecies  of  pafte,  in  which 
a  little  real  caftor  has  been  put,  but  there  are  none  of  the 
filaments  to  be  feen. 

Obfervatlons  fur  la  Caftor,  par  Monf,  de  la  Grange, 
Journal  de  Phys.  fern.  1 .  p.  65.  1 792. — Neumann's  Che- 
miftry,  vol.  2.  p.  426.  and  Fourcroy's  Ekments. 
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CIVET. 


Cint.  The  analvfis  of  this  fubflance  Is  very  little  known.  Ac* 

cording  to  Neumann,  good  civet  is  of  a  clear  yellowifti 
or  brownidi  colour,  of  an  uniform  confidence,  like  but- 
ter or  honey ;  it  has  a  very  llrong  aroma,  v^-hich  is  only 
agreeable  when  diluted  with  other  fubflances.  It  is  rarely 
met  with  in  a  genuine  ftate;  and  there  is  no  certain  crite- 
rion to  diftinguifh  it  by. 

It  unites  eafily  with  oils,  but  not  with  alcohol  or  wa- 
ter; it  however  communicates  fome  of  it's  aroma  to 
both.     - 

It  is  ufed  as  a  perfume,  and  is  collected  from  the  in- 
guinal region  of  the  civet  cat,  which  is  met  with  in  the 
Eaft  and  Weft  Indies.  The  civet  is  fqueezed  out  every 
other  day  in  funimer,  and  in  winter  twice  a  week.  The 
quantity  procured  at  one  time  is  from  two  fcruplcs  to  one 
drachm  or  more.  Thus  collected,  it  is  much  purer  than 
that  which  the  animal  fhcds  againft  flirubs  or  ftones  in 
it's  native  country.  Several  of  thefe  animals  have  been 
brought  to  Holland,  and  have  afforded  a  confidcrable 
branch  of  commerce,  particularly  at  Anifterdam. 

J^eumann's  Chcmiftry,  vol.  2.  article  Civet, 


MUSK. 

Muflt-  For  the  bcft  chemical  account  of  this  aromatic  fub- 

ftance,  we  are  indebted  to  Neumann,  little  having  been 
added  to  it's  analyfis  fince  his  time. 

Examined        Muflc  is  either  of  a  dark  brown,  or  nifty  reddifli  colour; 

jI.M*""      fomctimcs  it  is  clotted  like  coagulated  blood.     To  the 
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touch  it  isun£luous,  and  on  drying  becomes  puK-crlzable. 
It  has  a  bitterifli  favour,  and  it's  aroma  is  peculiarly  ftrong 
And  aromatic,  difagreeable  if  too  concentrated,  but  when 
largely  diluted  with  other  matters,  or  greatly  extended  in 
the  atmofphere,  it  becomes  a  pleafant  perfume.  From 
it's  aroma  beinp"  remarkably  diffufive  and  tenacious,  every 
thing  in  it's  vicinity  becomes  pcrfeflly  infofted  with  it, 
and  retains  it  a  long  time.  Water  extracted  two  fifths 
of  it,  and  the  diftilled  water  is  greatly  impregnated 
with  it's  aroma  and  favour;  alcohol,  took  up  one  third 
of  it,  but  retained  little  or  nothing  of  it's  aroma.  Ni- 
trous and  vitriolic  acids  totally  diffolve  it,  the  firft  de- 
■ftroys  the  whole  of  it's  aroma,  the  latter  the  greater 
part  of  it. 

Mineral  alkali  extra^ls  from  it  the  fmell  of  rolatile  al- 
kali, when  thefe  two  fubftances  are  rubbed  together. 

Oils  have  no  aftion  upon  it.  Caft  on  red  hot  coals  it 
emits  the  fame  fetid  fmell  as  urine.  On  diftillation,  Neu- 
mann obtained  the  fame  produ6ls  as  from  other  animal 
fubftances,  viz.  an  empyreumatic  oil,  a  volatile  fpirlt,  and 
fait. 

According  to  Lewis,  by  impregnating  the  waters  and  Lewis, 
fpirits  diftilled  from  odoriferous  vegetables  with  a  minute 
portion  of  muflc,  their  fragrance  is  connderably  improved, 
without  receiving  any  of  it's  own  peculiar  aroma. 

According  to  Fourcroy,  it  refembles  caftor  in  it's  che-  Fouraoy. 
niical  properties;   it  confifts  of  refin,  united  to  a  certain 
quantity  of  mucilage,  bitter  extraft  and  fait ;  it's  virtues 
are  ftronger  than  thofe  of  caftor. 

Muflc  is  extra£led  from  a  bag  fituate  near  the  umbili-  Oriirm  oi" 
cal  region  of  a  ruminating  quadruped,  refembling  the  ^^'^' 
antelope  (MofchusMofchifer.  Linn.)     This  bag  has  no 
external  opening,  according  to  Neumann,  like  that  of  the 
civet  cat,  and  hence  the  muflc  is  not  to  be  got  till  after 
the  death  of  the  animal,     This  cheniift  informs  us,  he 
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had  feen  the  animal  alive,  and  obfervcd,  that  the  apartment 
in  which  it  was  kept  had  a  very  ftrong  fuiell  of  this  ani- 
mal aromatic,  and  that  on  the  white  walls  againll  which 
the  animal  had  rubbed  itfelf,  there  was  an  undluous  mat- 
ter of  the  fame  fmell. 
Ttro  forts  Two  forts  of  mufk  arc  diftinguinicd  in  commerce }  the 
one  is  enclofcd  in  the  bags,  the  other  is  extracted,  and 
each  of  thcfe  is  again  fubdividcd  according  to  the  coun- 
tries from  which  they  are  brought.  Hence  arifes  the 
Tunquin  or  Eaft  Indian  mufk,  and  the  Mufcovy  or  Pcrfian 
mufk.  The  Tunquin  bags  have  commonly  fmall  brownifli 
hairs  upon  them,  the  Perfian  large  white  ones.  The 
former  are  accounted  the  beft  ;  but  the  difference  feems 
to  be  only  in  the  quantity,  and  not  in  the  quality,  the 
thinner  and  lefs  having  bags  containing  more  in  propor- 
tion to  their  weight  than  the  others.  From  the  dearnefs 
of  this  drug,  it  is  often  adulterated  ;  and  there  is  no  crite- 
rion to  be  depended  upon  to  afcertain  it's  purity.  The 
©nly  method  is  to  compare  it  with  real  fpecimens. 

Neumann's   Chemiftrv,   by  Lewis,   article  Muik. — 
Fourcroy's  Elements  of  Chemiftry. 


•      COLOURING  MATTER. 

Before  the  examination  of  the  colouring  matter  of 
different  animals,  it  may  be  ncceffary  to  take  fome  notice 
of  the  action  of  light  upon  them. 

That  the  human  (kin,  on  being  for  fome  time  expofcd 

light  upon    to  the  rays  of  the  fun,  changed  it's  natural  whitenefs  to 

in^jf     *    that  of  brown,  vulgarly  called  freckles  or  tan,  mult  have 

been  known  from  the  earlieft  ages.     It  equally  appears 

that  the  difference  of  colour  «f  the  human  inhabitants  ot 
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ihe  globe  depends  upon  the  fame  caufe,  viz.  the  efiecl  of 
hoht  upon  the  retemucofum  of  the  ficin  ;  and  fo  univerfal 
is  it's  aftion,  that  not  only  the  reft  of  the  animals  arc 
fubje£led  to  it's  influence,  but  it  is  extended  to  variegate 
with  different  (hades  even  the  vegetable  part  of  the  crea- 
tion. 

Such  being  the  a6lion  of  light,  it  is  very  evident,  that  Min. 
the  greater  the  quantity  of  light,  or  the  more  it  is  con- 
centrated, the  greater  will  be  the  effefts  it  produces. 
Thus,  in  thofe  countries  where  the  rays  of  the  fun  are  the 
moft  intenfe,  the  darker  coloured  we  (liould  expecl  to  un(J 
their  inhabitants;  and  hence  that  blackncfs  peculiar  to  ihc 
negroes  and  natives  of  the  torrid  zone.  In  fome  parts  of 
Afia,  and  in  America,  and  in  the  fouthern  pans  of  Eu- 
rope, we  find  the  colour  of  the  inhabitants  varying  ac- 
cording to  the  heat  of  the  climate,  from  a  dark  copper 
colour  to  a  pale  tawny  ;  thefe  people  being  lefs  expofed 
to  the  light  than  the  negroes,  muft  neceflarlly  be  lefs  dark 
coloured.  If  we  take  a  view  of  the  northern  countries, 
which  are  ftill  lefs  expofed  to  light,  we  fhallfind  their  in- 
habitants nearly  white,  whilft  the  women  of  thefe  lad 
countries,  and  thofe  who  have  been  long  confined  in  the 
dungeons  of  prifons,  who  are  the  leaft  of  all  expofed  to 
-the  light  of  the  fun,  are  ftill  much  fairer,  and  even  have 
a  pallid  hue. 

The  fame  caufe  afts  on  the  other  animals.     Thus  we  Qunjr':- 
find,  that  the  beafts  of  the  equatorial  countries  are  uni-  P"*"" 
formly  deeper  coloured,  or,  as  it  is  called  brighter  co- 
loured, than  thofe  which  inhabit  the  polar  regions,  and 
fome  of  the  northern  animak  are  dark  coloured  in  fuai- 
mer,  and  white  or  pale  during  the  winter. 

The  fame  with  refpe6l  to  birds,  the  colours  of  which  arc  ^ird--. 
much  darker  or  brighter  under  the  tropics  than  thofe  of 
tile  north. 
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I'iftiaiiH  Fifh  and  Zoophytes,  the  perceptive  inhabitants  of  the 

Zocpliyli^'S.  .  ,  .  n       -1 

ocean,  depend,  according  to  Davy,  on  fimilar  caulcs  for 
their  colours.  He  has  obferved,  that  thcfe  hi(l,  when  ex- 
pofcd  to  hght,  arc  uniformly  brighter  coloured  than  thofc 
which  have  been  by  any  means  fecluded  from  it  j  and  he 
fucccedcd  in  changing  the  colours  of  two  fea  anemones 
from  a  dark  red  to  a  pale  pink,  by  fccluding  them  from 
the  light. 
Parts  of  It  is  the  Amic  with  the  parts  of  animals.     Thus  in  Eu- 

ropeans we  find  the  parts  of  the  body  expofed  to  li^ht, 
darker  coloured  thanthofe  that  are  concealed.  Hence  the 
great  attention  of  the  ladies,  in  thofe  countries  where  fair- 
ncfs  is  accounted  an  accelfory  to  beauty,  of  covering  their 
necks  and  faces  from  the  rays  of  the  fun.  The  hair  on 
thofe  parts  of  beafts  likewife,  rihich  is  not  expofed  to 
light,  is  uniformly  paler  than  on  thofe  expofed  to  it's  in- 
fluence J  and  thofe  parts  of  birds  which  are  not  expofed  to 
light  arc  nnifonnly  pale.  Thus  the  feathers  on  the  bel- 
lies of  birds  are  generally  W'hite  3  the.  back,  which  is  ex- 
pofed to  light,  is  almoft  always  coloured  ;  and  the  breaft, 
which  is  partially  expofed  in  moft  of  this  tribe,  is  brighter 
than  the  belly,  and  paler  than  the  back;  whilfl.  thofe  parts, 
even  of  the  fame  feather,  which  are  expofed  to  light,  are 
luiiformly  brighter  coloured  than  thofe  which  are  deprived 
of  it's  iiifluer.cc.  The  fame  mav  be  faid  of  fifh,  the  parts 
of  which  being  expofed  to  the  light,  as  the  back,  fins,  Sec. 
are  always  coloured  brown,  yellow,  red,  green,  blue,  &c. 
in  different  fpccies,  but  the  bellv,  which  is  deprived  of 
light,  is  found  white  in  all  of  them.  To  extd-nd  the  fame 
obfervations  to  plants,  it  is  well  known,  that  in  order  to 
bleach  or  whiten  them,  nothing  more  is  necefl'ary  than  to 
keep  them  from  the  light  j  hence  the  bleaching  of  afpa- 
ragus,  falary,  lettuce,  <?<c. 
Y.jU!igani-  To  the  f;mie  influence  maybe  attributed  the  paler  or 
mais  com-  jigiQ^gj.  colour  of  vounff  animals,  when   compared  with 
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old.  Thus  we  are  infonned  that  negro  I'hildren  when 
firrt  born  are  white,  and  do  not  become  black  until 
after  having  been  a  few  days  expofed  to  the  light,  and 
this  blacknefs  is  found  by  obfervation  to  be  confidcrably 
accelerated  by  early  expofure  to  a  ftrong  light.  It  ap- 
pears alfo  that  the  hair  of  kittens,  puppies,  &c.  though 
fitted  by  nature  to  become  black,  is  immediately  after 
birth  of  a  brownifii  or  dark  brown  colour,  which  gra- 
dually darkens  externally  as  far  as  it  is  expofed  to  the 
light,  but  no  farther,  for,  according  to  the  obfervation  of 
Bancroft,  the  blackeft  cats  and  dogs,  even  in  old  age,  have 
that  part  of  the  hair  neareft  the  (kin  and  mod  fecluded 
from  lieht,  particularly  towards  it's  root,  only  of  abrown- 
ifli  black  colour,  very  different  from  what  is  feen  at  the 
ends  or  points  ;  and  Dorthes  affirms  that  moft  of  the 
larvae  of  infe6ls  that  inhabit  the  interior  cavities  of  ani- 
mals, as  well  as  of  earth,  fruit,  wood,  &c.  are  white,  and 
that  having  detained  many  of  them  under  tranfparent 
glalTc^s  e,\pofed  for  fome  time  to  the  light,  they  loft  by 
degrees  their  whitenefs,  and  acquired  a  brownifli  co- 
lour. 

To  thefe  fa6ls  may  be  added,  that  Sennebier  mentions 
en  the  authority  of  Schecle,  that  the  nereis  lacuftris  is  red 
whilft  living  in  places  acceflible  to  the  fun's  ravs,  and 
white  in  obfcurity ;  and  Dorthes  found  that  the  tree  frog 
(rana  arborea  Lin.)  which  generally  lives  in  the  fnade, 
beino-  obliged  to  (liift  his  fituation  into  the  funfliine, 
changes  his  colour  from  a  yellowifh  to  a  very  dark 
green. 

Having  given  fome  account  of  the  avSlion  of  light  upon  2.  Effcf^jot 

n  •    J        /T    r>  •  •  litiht  or» 

animate  matter,  it  remams  to  (now  it  s  ertects  on  inanimate  .^".^^^  ^,„. 
matter.  And  here  the  fcene  changes,  for  whilft  it  gives  in-  '^'''' 
tenfity  to  the  colours  of  living  beings,  it  deprives  them  of 
thofe  colours  after  death.     It  is  thus  that  in  cabinets  of 
natural  hiftory,  beafts,  bitds,  infc«Els,  and  even  plant:^,  all 
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more  or  lefs  lofe  their  colour,  al  hough  defended  from 
the  air,  if  thcv  be  expofed  to  the  light.  This  confirms 
us  in  the  pofition  that  agents  which  haftcn  inceflantly 
new  combinations  in  living  being?,  oulv  ferve  to  haften 
their  dccom pofition,  when  deprived  of  life.  It  is  to  the 
aftion  of  light  alfo  that  the  fading  of  filk  arifes.  We  are 
told  bv  Poivre,  that  yellow  filk  taken  fiom  the  cods,  and 
expofed  to  the  rays  of  the  fun,  foon  becomes  perfcftly 
■white,  and  the  fame  circumftance  of  natural  bleaching 
happens  to  ivorv  and  bones  after  they  have  become  yel- 
Jow.  Thefe  effects  are  fimilar  in  appearance  to  thofe 
which  occur  to  white  cotton  garments  and  white  lead 
paint  which  notoriouflv  become  yellow,  if  deprived  of  a 
free  accefs  of  light  for  auv  length  of  time,  but  are  again 
rendered  white  bv  reftoring  to  them  their  proportion  of 
oxvgen  to  which  they  owe  their  whitenefs. 

That  fubftances  injbibs  light  has  been  long  obferved  ; 
for  Beccaria  informs  us,  that  bones,   teeth,  bezoars,  ne- 
phritic and  urinary  calculi,  and  egg  (hells  which  had  been 
expofed  to  the  fun,  gave  light  in  the  dark. 
^l^.^"^' "^       There  have  been  feveral  opinions  with  rcfpecl  to  the 

aition  of  ^  "^ 

I'sht.  manner  in  w  hich  the  ravs  of  light  a6t  upon  animal  fub- 

ftances  fo  as  to  give  rife  to  the  fa6ls  already  mentioned. 
According  to  Berthollet,  thefe  changes  are  produced  in 
animals  by  a  fpecies  of  combuftion,  which  from  it's  great 
flownefs  is  not  able  to  effe*^  a  decompofition  of  the  part* 
fo  as  to  amount  to  their  deftruttion,  but  only  to  a  de- 
ftruftion  of  the  hvdrogen,  which  as  it  combines  more 
eafily,  and  at  a  lower  temperature  than  charcoal  does, 
leaves  the  charcoal  predominant,  fo  that  the  natural  co- 
lour of  charcoal  is  more  or  lefs  blended  with  that  which 
before  exifted,  and  as  th»  light  of  the  fun  conr>derably 
accelerates  the  deftrutftion  of  colours;  he  concludes, 
that  it  ought,  if  his  theory  be  well  founded,  to  favour 
the  combination  of  oxygen  and  the  combuftion  thereby 
produced. 


Berthollet 


COLOURING    MATTER.  227 

Dr.  Bancroft  does  rot  coincide  with  the  opinion  of  Bancroft. 
Berthollet  J  on  givuig  his  ideas  on  this  fubjcd,  he  firft  at- 
tempts to  prove,  that  hght  wil  lunite  with  oxyrcnand  fe- 
parate  it  from  it's  compounds;  hence  the  revivification  of 
gold,  fdvcr,  &c,  from  their  oxyds  by  the  contact  of  hght, 
as  Scheele  has  proved,  which,  according  to  Berthollet,  is 
produced  by  the  hght  Separating  the  oxygen  in  the  form 
of  pure  air.  Hence  a  bottle  filled  with  oxygenated  mu- 
riatic acid,  expofed  to  the  light,  lets  go  it's  oxygen,  and 
becomes  common  muriatic  acid,  whilft,  if  wrapped  in 
black  paper  and  expofed  to  the  fun,  it  fufTers  no  change; 
and  if  heated  in  the  dark,  flies  off  in  tUe  form  of  oxyge- 
nated muriatic  acid  gas  without  any  feparation  of  it's 
oxygen. 

Light  having  therefore  this  effe6l  on  oxygen,  it  ac- 
counts for  it's  aftion  refpe6ling  the  colours  of  different 
fubftances.  Thus  the  nitrous  acid,  by  being  deprived 
more  or  lefs  of  it's  oxygen  by  hght,  and  by  letting  the 
azot  predominate  in  a  greater  or  lefs  f'egree,  affumes  a 
variety  of  colours,  as  yellow,  orange,  aurora  colour,  red  ; 
and  according  to  Keir,  an  orange  coloured  nitrous  acid 
by  long  keeping  became  green,  and  afterwards  of  a  deep 
blue  J  hence  we  have  an  example  of  all  the  various  colours 
produced  by  the  two  fpecies  of  air  that  compofe  our  at- 
mofphere,  when  mixed  in  certain  proportions.  This 
mode  of  reafoning,  Bancroft  applies  to  animal  fubftances. 
The  only  thing  he  thinks,  however,  to  be  afcertained  on, 
this  point  is,  whether  the  colours  which  accompany  or 
require  the  application  of  light,  refult  dire<ftly  from  a 
combination  of  it  with  the  coloured  fubftance,  or  indi- 
rectly from  it's  particular  a6lion  in  occafioning  a  fepara- 
tion of  airs  or  their  bales  (and  particularly  of  the  oxygen) 
or  by  favouring  a  combination  thereof  with  the  coloured 
matter.  Almoft  all  anififrni  and  vegetable  fubftances  are 
found  to  emit  light  in  certain  ftages  of  putrefa6lion  or 
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decompofiiion,  and  therefore  it  may  be  prefumed  to  have 
been  previdufiy  combined  with  fome  of  their  parts  j  but 
how  it  afts,  or  whether  it  atls  at  all  in)mediately  in  pro- 
ducing the  colours  of  any  objeft,  fetnis  yet  uncertain, 
though  we  know  it  does  contribute  greatly  to  the  pro- 
duAion  or  change  of  colours  in  a  number  of  animal  and 
other  fubrtances,  in  fome  cafes  by  combining  with  the 
bafis  of  vital  air  (oxygen)  and  feparaling,  by  rendering  it 
ftlaliic,  and  in  others,  by  promoting  the  action  or  union 
thereof  upon  or  with  particular  fubiiances  ;  but  it  fcems 
difficult  to  afcertain  the  particular  affinities,  by  which 
fometimes  the  one,  and  fometimes  the  other  of  thefe  ef- 
fe£ls  are  produced.  Thus,  a  folution  of  fdver  in  the  pi- 
trie  acid  changes  colour  by  the  aftion  of  light,  and  be- 
comes black,  which  arifcs  from  the  feparation  of  a  cer- 
tain portion  of  oxygen  ;  the  fame  is  cfTeiled  by  the  appli- 
cation of  all  inflammable  bodies,  and  in  this  manner  ne-  J 
gro  children  which  are  white,  immediately  after  birth  ^ 
become  black,  after  having  been  expofed  to  the  light  a 
few  days.  With  refpeft  to  thofe  inftances  of  the  nereis 
lacuftris,  of  the  larvce  of  infers,  and  of  the  tree  frog,  it 
does  not  appear  certain  to  Dr.  Bancroft  whether  the 
light  produces  the  changes  of  colour  by  caufing  an  ab- 
flraftion  or  an  addition  of  oxygen,  but  from  what  ig 
known  of  it's  effcfts  in  cafes  apparently  fimilar,  he  thinks 
it  a&s  in  one  or  other  of  thofe  ways. 

He  thinks  it  does  not  appear  rcafonable  to  conclude, 
that  light  contributes  to  thefe  effedls  on  the  colours  of 
animal  as  well  as  of  other  bodies,  othcrwife  than  by  it's 
affinity  with  oxygon,  which  affinity  under  fome  circum- 
ftances,  and  with  the  aid  of  perhaps  other  unknown  affi- 
nities, fometimes  fcparatcs  and  renders  the  o.\Tgcn  elaftic 
by  uniting  with  it,  and  at  other  times  occafions  the  com- 
bination of  an  increafed  portion  thereof,  with  the  co- 
loured fubllance.     He  thinks  that  Berthollet  in  his  theory 
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has  gone  further  than  is  warrantable  by  fa6ls.  He  thinks 
the  colour  of  each  particular  fubftance  evidently  depends 
on  it's  peculiar  conititution,  producing  in  it  a  particular 
affinity  or  attraftion  for  certain  rays  of  light,  and  a  dif- 
pofition  to  tranfmit  or  refle6l  certain  other  rays  ;  and  in 
this  refpeit  that  it  may  doubtlefs  fuffer  very  confiderable 
changes  from  the  action  or  combination  of  oxygen,  with- 
out ^riy'effe6i;s  fimilar  to  thofe  of  combuftion. 

The  opinion  of  Davy  nearly  refembles   ihat  of  Dr.  Da^y. 
.Bancroft.     He  dates,  that  the  cuticle,   which  is  of  the 
fame  colour,  and  equally  pellucid  in  the  different  fpccies 
of  mankind,  appears  to  contain  no  oxygen  or  light,  and 
that  it  is  moft  probably  compofed   of  carbon,  hydrogen 
and  nitrogen  ;  that  the  rete  mucofum  is  probably  com- 
pofed of  carbon,  oxygen,  hydrogen  and  nitrogen ;  that 
the  comparative  quantities  of  carbon  and  oxygen  in  it 
appear  to   occafion  the  differences  of  it's  colours,  that 
thefe  quantities  depend  on  the  quantity  of  oxygen  attraft- 
ed  from  it  by  light;  thus  light  a6ling  upon  the  rete  mu- 
xofum  of  the  African  is  continually  fubtrac^ing  oxygen, 
the  principle  to  which  it's  whitcnefs  is  owing,  and  when 
the  oxygen  is  fubtra6led,  the  carbon  becomes  the  predo- 
minant  principle;  hence  tlie   blacknefs   of  the    negro, 
and  the  lefs  the  inhabitants  of  a  country  are  expofcd  to 
light,  the  more  oxygen  their  rete  mucofum  will  contain, 
and  the  more  whitenefs;  hence  the  fair  people  of  the 
north  contain  in  their  rete  mucofum  it's  full  proportion 
of  oxygen.     It  appears  that  a  fubtraclion  of  oxyjren  from 
the  rete  mucofum,  by  any  means,  uniformly  blackens  it ; 
thus  the  application  of  fulphure  of  potalh,  according  to 
Davy's  experiments,  blackens  the  fkln   almofl:  inf^antlv. 
On  the  contrary,  by  combining  with  o.xvg;en  the  rete  mu- 
cofum is  uniformly  whitened,  thus  Dr.  Baddocs  whitened 
the  fingers  of  a  negro  by  means  of  muriatic  'phofoxyd 
(from  ?«i  light,  and  oty<;  acid)  which  appears  capable  of 
Q  3 
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giving  out  a  unall  portion  of  oxvgen,  and  of  ftill  retaining 
all  the  light  entering  into  it's  conipoliiimi.  According 
to  this  author,  the  different  colours  of  the  different  parts 
of  the  organic  matter  of  fhe  body  depend  chiefly  on  the 
light  and  oxygen  entering  into  their  compofition.  Thus 
the  red  mufclcs  are  phofoxydated  compounds,  which 
probably  owe  their  colour  to  their  light,  whilfl  from  the 
white  colour  of  the  nerves,  and  their  office  of  conducing 
and  being  excited  into  fenfible  aftion  by  condenfcd  light, 
we  may  conclude,  that  no  light  enters  their  compofi- 
tion. 

To  conclude,  Davy  is  of  opinion,  that  though  the  dif- 
ferences of  the  colour  of  the  (kin  of  different  nations  muftj 
have  originally  depended  entirely  on  the  chemical  influ- 
ence of  light,  yet  when  once  thefe  colours  are  produced, 
their  changes  are  in  fome  meafure  dependant  on  the 
mind  ;  that  when  certain  colours  are  confidered  as  beau- 
tiful, the  generating  imagination  makes  them  hereditary, 
and  the  chemical  chano;es  of  the  influence  of  lip;ht  are 
more  flowlv  produced  j  hence  Europeans,  though  ex* 
pofed  to  light  in  the  African  countries,  do  not  become 
black  but  in  a  great  length  of  time,  and  negroes,  though 
deprived  of  light,  their  accuftomed  oxygen  attraftor,  are 
not  blanched  for  manv  generation?. 
OfiiRiit  Since  light  is  foiuid  to  have  fuch  an  influence  on  ani- 

Jivingani-  nials  and  their  parts,  and  that  it  appears  to  be  imbibed 
their'deld  ^y  them,  it  nnv  be  fuppofed,  that  on  certain  occafions 
parts.  an  emiflion  of  that  luminous  body  mud  be  the  confe- 

quencc,  and  this  had  not  only  boen  long  ago  obferved 
with  refpedt  to  living  animals,  fuch  as  fome  kinds  of  in- 
fe<^s  and  worms,  but  even  common  flefli  had  been  ob- 
ferved to  difplay  that  appearance,  as  is  evident  from  the 
accounts  of  Boyle,  Fahricius  ab  Aquapcndentc,  Bartolin, 
Dr.  Beale,  &c.  but  for  a  more  minute  and  detailed  in- 
vcftigationof  thisfutjetft,  we  are  indebted  to  Spallanzani, 
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Carradori,  Brugnatelli  and  Dr.  Huline  ;  the  laft,  in  par- 
ticular, has  greatly  extended  our  knowledge  of  the  pro- 
perties of  this  luminous  matter  by  a  number  of  curious 
and  interefting  experiments.  e 

Thefe  philofophers,  as  well  as  others,  however,  differ  Opinions  of 
with  refpeft  to  the  origin  of  this  light,  which  is  emitted  '^  *  "^  "• 
not  only  from  living  animals,  but  alfo  from  parts  of  them 
when  dead ;  on  one  part,  it  is  faid,  that  it  is  nothing  but 
phofphorus  which  is  undergoing  a  flow  combuftirin;  on 
the  other,  it  is  aflerted,  that  the  rays  of  hght  being  ab- 
forbed,  are  concentrated,  and  afterwards  emitted  accord- 
ing to  circumftances.  Perhaps,  it  is  impoffible  at  pre- 
fent  to  determine  which  of  thefe  opinions  is  the  truth,  a 
further  invefiigation  being  neceflary  before  a  fatisfadlory 
divifion  can  be  made. 

Fofter  of  Gottingen  has  obferved,  that  the  phofphoric  Light  of 

.      p   ,        ,  .....  1--1-  •        II  f    glowworm?. 

part  or  the  glow-worm  is  liquid,  and  ir  this  animal  be  pret- 
fed  between  the  fingers,  the  phofphorefcence  remains  on 
therti.  Chaptal  fuppofes,  that  as  phofphorus  is  foluble  in 
oils,  particularly  in  volatile  ones,  which  are  then  luminous, 
this  combination  of  phofphorus  and  oil  is  natural  in  the 
glow-worm  (Lampyrisfplendidula).  According  to  Carra- 
dori, the  phofphoric  part  of  the  Italian  glow-worm  (Lam- 
pyrisItalica)doesnotextendfurtherthan  thelaftringsofthe 
belly  ;  it  is  there  enclofcd  in  an  envelop  or  bag,  compofed 
of  a  memhrane,  one  portion  of  which  forms  the  fupc- 
rior,  the  other  the  inferior  part  of  the  belly,  and  which 
are  united  together.  Behind  this  receptacle  the  phofpho- 
rus is  found,  refembling  a  pafte,  having  tlie  odour  of  gar- 
lic, and  only  a  little  favour:  the  phofphoric  matter  is 
fqueezed  out  on  the  lead  preffure,  but  when  fcparated 
from  the  body,  it  lofes  it's  fj')lendour  In  a  very  (liort  time, 
and  is  converted  into  a  white,  dry  matter. 

Spallanzani  has  made  fonie  experiments  to  determine  Ex.imlned 
the difi'erence  between  the  light  emitted  from  pliofphorus  ^ani. 
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and  that  of  glow-worms,  £i.c.  He  made  them  In  nppo- 
fition  to  thofe  of  Goctlling,  and  with  his  eudiometer, 
which  is  the  fame  as  thai  dcfcribcd  for  the  combuftion  of 
phofphorus,  in  the  Encyclop.  Di«9:.  It  confills  of  aglafs 
tube,  the  lower  end  of  which  is  open,  and  plunged  into 
water  or  mercury.  The  upper  part  is  doled,  and  bent 
horizontally,  the  phofphorus,  or  other  Ihining  matter,  is 
put  into  that  part  about  to  be  cxpofcd  to  the  a6lion  of  the 
gas  in  the  tube,  and  the  diminution  of  the  volume  of  this 
gas  fliows  the  quantity  that  unites  with  the  phofphoric 
matter. 

He  firfl:  tried  the  aAlon  of  different  gafes  upon  phof- 
phorus itfelf,  in  their  pure   flatc,  and  found,    that  aaot 
carbonic  acid,  and  hydrogen  gafes  introduced  fingly,  one 
after  the  other,  into  the  eudiometer,  excited  no  light  froni 
the  phofphorus.     In  very  pure  oxygen  gas  it  did  not  be- 
gin to  burn  and  produce  light,  till  at  S^*^  of  Reaumur,    if 
the  azot  gas  was  mixed  with  it,  light  was  produced  at 
12°,  and  by  the  mixture  of  hydrogen  gas  at  3^^.     Spal- 
lanzani,  however,  does  not  conclude  it  is  from  the  gafes 
that  the  light  originate?,  for  oxygen  gas  alone  produces  it, 
but  a  high  temiierature  is  iicceflary,  on  the  contrary,  the 
other  gafes  when  alone,  cannot  produce  it  at  any  temper- 
ature.    Hence  it  is  the  oxygen  gas  that  is  the  immediate 
caufe  of  the  combuftion,  and  of  the  light ;  and  he  thinks 
it  can  only  be  faid,  that  the  other  gafes  difpofe  the  oxygen 
and  phofphorus  to  a  more  ready  combuftion,  and   at  a 
lower  temperature.     The  more  oxygen  in  the  mixture, 
the  more  lively  the  light,  and  the  more  of  the  other  gafes, 
the  lefs  is  the  occalion  for  raifmg  the  temperature  ;  hence 
the  oxygen  is  the  caufe  of  the  produftion  of  light,  and 
the  other  gafes  only  make  up  for  that  temperature. 

Having  thus  examined  phofj)hori]s,  he  difLV^ied  his  at- 
tention to  what  he  calls  other  phofphoric  fubftanccs,  fuch 
as  glow-worm",  putrid  fifti,  fliining  wood,  kc.  and  thcfc 
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prefcnted  to  him  the  fame  phenomena  as  common  phof» 
phorus,  as  to'  the  light.  He  found,  that  pkmged  into 
hvdrogcn  or  azot  gafes,  they  lofe,  by  degrees,  iheir  phof- 
phorefcence,  and  fooner  in  carbonic  acid  ga-j,  that  they 
fliine  ao;ain  on  admitting  cov.imon  air^  and  become  bril- 
liant in  oxygen  gas.  Water  does  not  deprive  them  of 
their  phr-fphorefcence.  The  fan^e  v.as  obfcwed  after  their 
death,  and  in  the  luminous  parts  feparated  from  their 
bodies. 

He  found  the  light  of  glow-worms  to  be  ftrencithcned 
by  ■fliaking,  I  v  the  will  of  the  animal,  and  this  momenta- 
neous  increafe  o\  light  was  giccompanicd  by  a  vibrating 
motion  in  the  phoiphoric  part  of  the  animal ;  it  appeared 
to  him  to  be  made  at  the  moment  of  breathing,  and  may- 
be produced  by  pricking  the  animal.  Expofcd  to  a  re- 
frigerating mixture,  the  glow  worm  lofes  it's  phofphoref- 
cence  at  7'^  and  becomes  hard  from  cold,  but  withdrawn 
and  placed  in  a  mild  temperature,  it  becomes  luminous 
again.  It  alfo  loies  it's  light  on  exficcation,  and  receives 
it  again  on  being  foftencd  with  water.  Spallanzani  con- 
cludes, that  the  light  of  thefe  phofphoric  bodies  arifes 
from  a  flov/  combuftion  of  the  hydrogen  and  the  carbo- 
nated hydrogen  gales,  of  which  animal  and  vegetable 
fnbflanccs  are  in  part  compofed. 

Fourcroy  explains  the  origin  of  the  light  of  phofpfiorcf-  Fouicioy, 
cent  bodies,   from  the  difengagement  of  the  real  phofpho 
rus  itfelf  diflblved  in  the   hydrogen  and  carbonic  acid 
gafes. 

Although  it  is  the  opinion  of  Spallanzani  and  others,  of 
eombuftion  being  the  caufe  of  light  in  the  phofphoref- 
cent  bodies,  there  are  fes^cral  celebrated  chemifts  who 
entertain  a  diflerent  opinion,  and  that  light  is  only  extri- 
cated. 

Brugnatelli  calls  that  light  which  bodies  have  the  power  Brugnateih. 
of  abforbing-,  durins;  their  cxpofition  to  the  rays  of  the  fun. 
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aggregate  fenf.hh  light.  He  affirms,  that  the  eyes  of  the 
hyena  and  cat  pofTefs  this  power  even  to  the  point  of 
enlightening  objects,  and  in  fhort,  all  animals  called 
phofphoric  (bine  from  the  difengagement  of  the  aggre- 
gate light.  He,  however,  obferves,  that  thofe  bodies 
which  emit  light,  or  become  phofphorcfcent  on  being 
heated  to  a  certain  degree,  for  inftance,  as  feathers,  wool 
■well  dried  powder  of  fugar  of  milk,  fat  and  fweat,  &c. 
■when  lightly  pafled  upon  a  hot  iron  that  is  not  red,  difen- 
gage  their  light  by  combining  with  caloric  \  hence  light 
chemically  combined  only  feparates  from  thefe  from  the 
efTcft  of  a  greater  aitraStion, 

But  of  all  the  opponents  to  the  do6lrine  of  phofphorcf- 
cent light  being  produced  by  combuftion,  perhaps  Car-' 
radori  may  be  looked  upon  as  the  moft  formidable.  Hi^ 
obfervations  are  particularly  directed  againft  thofe  of  Spal- 
lanzani. 

Carradori  found,  that  the  phofphorcfcent  light  of  glow- 
worms (luccioloni  8c  lucciole)  is  fuddenly  extinguifhed  if 
plunged  into  alcohol  or  vinegar,  but  continues  to  fliine 
under  oil,  as  v.-cll  as  in  water  or  air  ;  he  hasfeen  the  glow- 
worms as  well  as  the  pliorphorefcent  part  detached  from 
them,  continue.to  fhine  under  oil  for  hours  together.  If 
therefore  thefe  two  kinds  of  glow-worms,  which  are  of 
different  fpecies,  and  likewife  phofphoric  wood,  continue 
to  (liine  under  oil,  the  light  cannot  proceed  from  a  flow 
combuftion,  as  Spallanzani  pretends,  fince  there  is  no  air 
in  oil  to  entertain  it ;  and  if  the  glow-worm  fliines  under 
■water,  becaufe,  as  Spallanzani  maintains,  the  oxygen  gas, 
which  is  one  of  the  principles  of  the  water,  f wells  the 
combuftion,  why,  he  aiks,  docs  not  the  phofphorus  uf 
kunckel  fhine  \Hider  water  ?  Carradori  has  likewife  {tan. 
a  glow-worm  that  continued  to  fliinc  perleclly  in  vacuo. 
He  affirms,  that  the  light  of  thefe  infc«Sls  is  peculiar  and 
innate,  and  as  fcvcral  other anlmak  have  ihc  pov.er  of 
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accumulating  the  deilric  fluid,  and  of  keeping  it  con- 
denfed  in  peculiar  organs,  to  emit  and  expand  it  after- 
ward at  will,  fo  may  the  glow  worms  have  the  faculty  of 
retaining,  in  a  ftate  of  condenfation,  the  fluid  which  con- 
ilitutes  light ;  he  thinks  that  they  may  have  the  power 
even  of  extracting  the  Ii5z;ht  which  enters  into  the  compo- 
fition  of  their  aliments,  and  of  tranfinitting  it  into  the 
refervoir  in  their  abdomen ;  or  it  is  poffihle  they  may 
;bave  the  power  of  extracting  the  luminous  fluid  from  the 
air,  as  other  animals  do  heat  from  it  by  a  chemical  pro- 
cefsj  and  the  new  doClrine  of  Goettling  on  combined 
-lights  which  has  been  fimplified  by  Brugnatclli,  renders 
■this  opinion,  he  thinks,  very  probable. 

He  is  of  opinion,  that  the  obfervations  made  by  Forfler, 
that  glow-worms  emit  a  flironger  and  more  lively  light  in 
oxygen  gas,  than  in  common   air,   does  not  depend  on 
combuftion,  and  it's  being  rapidly  excited  hy  the  refpira- 
tion   of  this  gas,  but  arifes  from  a  more  agreeable  and 
lively  exiftence    they  feel,   for    the  fame     happens    in 
other  circumftmces.     Thus  when  thev  fly  freelv  without 
any  interruption,  their  light  is  regular  and  beautiful  ;  but 
once  in  our  power,  they  either  emit  light  irregularly  or 
not  at  all.     On   being   diflurbed,  they  emit  a  frequent 
light,  and  this  appears  to  be  a  mark  of  refentment ;  when 
placed  upon  their  backs,  they  ihine  almoft  without  inter- 
ruption, by  making  continual  efforts  to  extricate  them- 
felves.     During  the  day,  they  mud  be  tormented  to  fliine^ 
a  proof  of  it's  being  the  time  of  their  repofe.     They  can 
fliine  at  will  in  every  point  of  their  belly,  a  proof  of  their 
being  able  to  move  any  part  of  it  independent  of  the  other, 
and  they  render  this  phofphorefcence  more  or  lefs  lively, 
and  emit  it  as  long  as  they  pleafe.    On  being  plunged  in- 
to warm  and  cold  water,  alternately,  they  dune  with  viva- 
city in  the  firft,    and  extinguifli  their  light  in  the  laft, 
another  proof  of  an  alternately  agreeable  and  difagrceable 
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fenfation,  giving  rife  toordiminifliiug  it;  in  hot  water,  the 
light  cUfappcarsby  degrees.  Jlence  thtir  hght  does  uot 
depend  on  external  caufes,  but  on  iheir.vvill.  He  Ukevvii'e 
found,  that  from  his  experiments  on  them,  the  phofpho- 
ric  matter  undergoes  no  folublea£lion  except  from  water. 

This  faculty  of  ihining  is  not  dcflroyed,  according  to 
Carradori,  by  incifion,  or  tearing  open  the  belly  j  he  faw 
a  part  of  one,  almofl  extinguiftjed,  become  fuddenly  lu- 
minous for  a  few  feconds,  and  then  infenfibly  go  out; 
and  fometimes  he  has  feen  a  fimilar  portion  cut  out,  pafs 
fuddenly  from  the  moll  beautiful  brilliancy  to  a  total  ex- 
tin6lion,  and  realfume  in  a  moment  it's  priftine  bright- 
nefs.  He  attributes  this  to  a  remnant  of  irritability,  (ir 
more  probably  to  the  flimulus  of  the  air,  a  mechanical 
irritation  producing  the  fame.  A  flight  compreflion 
takes  away  their  faculty  of  ceafing  to  (hiue.  A  piece  of 
the  phofphorlc  belly  put  into  oil  flione  but  faintly,  and 
was  foon  extinguiflied.  Exficcation  he  found  to  fufpend 
the  light,  whilft  foftcning  in  water  made  it  reappear 
as^ain.  Reaumur,  Beccari,  and  Spallanzani,  obfcrved  the 
'fame  with  refpc£l  to  the  nifdufa.  Sec. 

Carradori,  therefore,  differs  from  Spallanzani,  who 
looks  upon  the  caufc  of  phofphorefccnce  to  be  a  flow 
^combuflion;  and  from  Goettling,  who  attributes  it  to 
the  ficcation  of  the  azot  gas;  and  concludes,  that  it 
arifes  from  a  dilfipation  of  aggregate  light.  He  fupporta 
this  againfl  the  jihilofopher  of  Pavia,  upon  the  experi- 
ments of  Beckcrheini,  who  has  dcmnnflratcd  that  phof- 
phoric  infe6ls  fliine  when  plunged  in  gafes  improper  for 
combuftion  ;  and  upon  thofe  of  Beccari,  Brugnattlli,  and 
f  Dufay,  who  have  proved   that  light  may  combine  and 

accumulate  in  boilic»,  in  a  greater  or  lefs  quantity,  accord- 
ing to  their  capacity  for  it. 

Dr.H<llme*S  ,^         ^  r     i  ^■n■'  n  y   ■       1-     1  ■  11 

experimcnis      Dr.  H.ume  tuuiiiguiilies  thus  ligtit  emitted  by  various 
TiAf  bodies  from  all  kin<I>'  «)f  artificial  phofj)hori,  by  calling  it 
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fponiancDUi  light ;  and  by  it's  adhering  to  bodies  with  fonte 
detrree  of  permanency,  from  that  tranfient  fort  of  light  ^ 

obferved  in  eledricity,  in  meteors,  and  in   other  lucid 
emanations. 

The  fubftances  from  wliich  it  is  emitted  are  principally 
livino-  and  dead  marine  animals;  of  the  firft,  are  the  fhell- 
fifti,  called  pholae,  the  medufa  phofphorea,  and  other 
niollufcoe;  of  the  fecond,  marine  fiflies  in  general,  when 
dead,  abound  with  it.  In  the  clafs  of  infeds,  it  is  well 
known,  many  emit  light  very  copioufly,  particularly 
feveral  fpecies  of  fulgora  or  lantern  fly,  of  lampyris, 
or  glow-worm,  as  obferved  before  ;  alfo  the  fcolopendra 
cle6lrica,  and  the  cancer  fulgens. 

Boyle  obtained  light  for  his  ufe  from  the  whitins:;  but 
Dr.  Hume  procured  it  for  his  experiments,  chiefly  from 
the  herring  and  mackerel.     His  laboratory  was  a  dark 
wine  vault,  the  heat  of  which  varied  throughout  the  year 
from  about  40*^  to  64°  of  Fahrenheit.     The  weight  he 
ufed  w^as  troy;  the  liquid  meafure,  wine;  and  the  water, 
pure  fpring,  and  always  cold,  except  otherwife  exprefl'ed. 
ift.  From  the  experiments  of  this  phyfician  on  herrings 
Ahd  mackerel,  which  he  had-previoufly  gutted,  fcalcd  and 
hung  in  his  laboratory  ;    it  appears  that  light  begins  to  be 
emitted  by  them  before  any  figns  of  putrcfa6lion  appear, 
and  that  as  foon  as  a  great  degree  of  putrefcencc  has 
taken  place,  the   luminous  property  of  marine  fiflies  it 
deftroyed  and  the  light  extinguiflicd;  which  corroborates 
the  obfervations   of  preceding  authors  on  the  luminous 
appearance  of  the  flefli  of  quadrupeds,  all  of  whom  fav  it 
was  frefli ;  whenever,  therefore.  Dr.  Hulme  was  defirous 
of  obtaining  a  plentiful  fupply  of  light  from  thefe  ma- 
rine animals  for  his  experiments,  he  always  procured  the 
fatteil  he  was  able.     This  proves  that  the  common  opi- 
nion, of  the  quantity  of  light  emitted  by  animal  fub- 
ftanccs  being  in  proportion  to  the  degree  of  putrcfaiSlion^ 
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is  erroneous,  and  that  on  the  contrary,  the  greater  the 
putrcfcence,  the  Icfs  is  the  quantity  of  light  emitted. 

S?.  He  found  that  this  hght  is  a  conftiluent  principle  of 
thefe  bodies,  that  it  may  be  feparated  from  thcni  by  a  pe- 
culiar proccfs,  and  retained  and  rendered  permanent  for 
fome  time,  for  it  fccms  to  be  incorporated  with  their 
whole  fubftance,  and  to  form  a  part  of  them  in  the  fame 
manner  as  their  other  conftitucnt  principles. 

He  put  pieces  of  frefli  herring,  weighing  about  four 
drachms  each,  in  aqueous  folutions  of  different  quanti- 
iies  of  EpTom  and  fea  falts,  and  in  fea  water;  the  phial 
which  contained  them  having  a  wide  mouth,  and  he 
found,  on  the  fecond  or  third  night,  they  became  lumi- 
nous, which  light  gradually  difappearcd  on  the  lixth  or 
feventh.  Similar  experiments  were  alfo  made  with  the 
roe  of  herrings,  the  flefli  and  roe  of  mackerel,  and  with 
the  tadpole,  the  flefli  and  roe  remaining  quite  frefh  and 
fweet,  wdiich  proves  that  the  menftruum  had  extracted 
their  light.  The  foft  roe  abounds  more  with  light  than 
the  flefli,  whilfl  the  hard  roe  is  lefs  luminous  than  the 
foft  I  he  found  the  moll:  luminous  fl:ate  of  the  foft  roe  to 
■  be  about  the  third  or  fourth  night,  when  it  fometimes 
Ihone  fo  very  fplendidly  as  to  appear  like  a  complete  body 
of  light :  they  were  laid  upon  plates  in  the  laboratory. 
Dr.  Hulme,  therefore,  concludes,  that  this  lightforms  one 
of  their  conftituent  principles,  tliat  it  is  feparated  by  the 
menftruum  employed,  in  the  fame  way  as  the  principles 
of  any  other  body  are  feparated  by  the  menilruum  fitted 
to  decompofe  it  j  and  as  the  light  appears  in  the  internal 
part  on  expofure  after  being  cut,  he  thinks  it  ihows,  that 
it  is  not  partial, but  wholly  incorporated  with  every  part 
of  their  fubftance,  forming  a  part  thereof,  like  any 
other  conftituent  principle.  Hence  it  feems  probable, 
that  light  is  the  firft  conftituent  principle  that  efcapes 
after  the  death  of  marine  fifhes,  as  it  appears  foon  after. 
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and  the  fleih  and  roes  infufed  in  the  faline  menfcruums 
continued  to  emit  light  for  feveral  days  without  undergo- 
ing any  apparent  putrcfa<9;ive  change.  His  experiments 
alfo  render  it  probable,  that  no  offenfive  putrefaction 
takes  place  in  the  fea  after  the  death  of  fuch  myriads  of 
animals  as  daily  perifli  in  the  vaft  ocean,  whieh  is  quite 
contrary  to  what  happens  on  land,  and  that  the  flefh  of 
marine  animals  remains  pretty  fweet  for  fome  time. 

3.  Dr.  Hulme  found,  that  fome  bodies  have  a  power 
of  extinguiftiing  this  fpontaneous  light  when  it  is  applied 
to  them ;  for  the  luminous  matter  of  the  herring  and 
mackerel  was  quickly  extinguiflied  when  mixed  with, 
1.  Water  alone;  2.  Water  impregnated  with  quicklime, 
carbonic  acid,  and  hepaiic  gafes ;  3.  Fermented  li- 
quors, ardent  fpirits;  4.  Vegetable  acids  and  mineral, 
both  concentrated  and  diluted ;  5.  Fixed  and  volatile 
alkalis  diflblved  in  water;  6.  Neutral  falts,  \'\z,faturated 
folutions  of  Epfom  and  common  fait,  and  fal  ammoniac ; 
7.  Infufion  of  chamomile  flowers,  long  pepper,  and 
camphor,  made  with  boiling  water,  but  not  ufed  till 
quite  cool ;    8    Pure  honey,  alone. 

4.  He  found,  that  other  fubftances  have  the  power  of 
preferving  fpontaneous  light  fome  time,  when  it  is  applied 
to  them,  for  fome  of  the  luminous  matter  fcraped  from 
the  herring,  and  mixed  with  a  folution  of  two  drachms 
of  Epfom  fait  in  two  ounces  of -cold  pump  water,  being 
well  (haken  in  the  phial,  the  whole  liquid  became  richly 
impregnated  with  light,  and  continued  fhining  for  above 
24  hours.  The  fame  took  place  in  a  folution  of  Glauber's 
fait.  Mackarel-light  aflforded  the  fame  phenomenon  ia 
the  aqueous  folutions  of  Rochelle  fait,  or  tartarized  na- 
tron, common  fait,  fea  water,  aqueous  folution  of  honey  ; 
and  herring-light  in  the  folutions  of  foda  phofphorata, 
faltpetre,  refined  fugar,  and  foft  brown  fugar ;  the  degree 
of  illumination  depending  on  the  quantity  of  Uicific  mitt- 
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ter  applied;  in  jrcueral,  however,  as  much  as  can  be 
fcraped  off  l)y  the  blunt  point  of  a  moderate  fized  knife, 
at  a  few  times,  will  be  fulTicicnt  when  aHifted  by  a  Itrong 
agitation  of  the  phial.  By  fuch  means  the  whole  liquid, 
i?  rendered  moll  brilliantly  luminous;  and  we  are  ena- 
bled to  impregnate  the  water  with  light,  whieh  light  is  lb 
extended  on  il's  furfdcc,  and  combined  in  fuch  a  manner 
as  to  become  exceedingly  convenient  and  ufeful  tor  vari- 
ous other  experiments. 

5.  He  found,  that  when  fpontaneous  light  is  extin- 
guiflied  by  fome  bodies,  it  is  not  loit,  but  may  be  again 
revived  in  it's  former  fplendour.  Some  fliining  matter 
from  the  mackerel  was  immediately  cxtinguidied  in  a  So- 
lution of  feven  drachms  of  Enfom  fait  in  one  ounce  of 
water ;  but  in  a  folution  of  two  drachms  it  was  luminous, 
and  more  fo  in  one  drachm ;  obfcrving,  therefore,  the 
exiinftion  of  it  in  the  more  faturatcd  folntions,  while  the 
diluted  were  luminous,  he  endeavoured  to  find  what  be- 
came of  the  extinguiflied  light,  and  whether  it  might  not 
be  revived  bv  dilution,  and  found,  that  on  diluting  the  fo- 
lution of  ii^vcn  drachms  with  fix  ounces  of  water,  light 
immediately  burft  out  of  darknefs,  and  the  whole  liquid 
became  beautifully  luminous,  which  remained  above  48 
hours,  i.  e.  as  long  as  other  light  docs  in  general,  which 
has  never  been  extinguifhed  ;  and  by  reverfing  the  expe- 
riment, extinflion  is  the  ccnrcquencc.  In  one  inftance 
the  fame  light,  by  a  repetition,  underwent  ten  exlin6lions. 

Dr.  Hume  found,  that  if  the  illuminated  liquid  be  un- 
commonly brilliant,  it  may  fometimes  require  more  fait 
to  extinguifh  the  light  than  v.hat  he  has  fpecified,  in 
which  cafe,  the  meafure  of  water  for  dilution  muft  be 
always  calculated  in  exaA  proportion  to  the  weight  of 
the  fait  employed. 

G.  Spontaneous  light  is  rendered  more  vivid  by  mo- 
tion, for  fome    illuminated  liquor  which  load   become 
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qnite  dark,  on  drawing  through  it  a  finger  or  rod,  it  was 
followed  by  a  luminous  line,  and  on  moving  another 
quantity  gently,  that  had  loft  it's  luminous  quality,  ex- 
cept a  little  glimmer  floating  at  the  top,  the  light  dif- 
fufed  itfelf  gradually  through  the  whole  liquid  ;  on  agi- 
tation, the  lucidnefs  was  much  increafed,  and  the  briflier 
the  motion,  the  more  vivid  was  the  illumination. 

7.  Spontaneous  light  is  not  accompanied  with  any  de- 
gree of  fenfible  heat  to  be  difcov'ered  by  the  thermome- 
ter, for  a  luminous  and  a  nonluminous  herring  being  in 
the  fame  temperature,  afforded  no  difference  to  the  ther- 
mometer, the  bulb  of  which  was  applied  to  them,  nor 
did  the  mercury  rife  when  it  was  placed  either  upon  a  lu- 
minous foft  roe,  or  upon  a  lucid  mackerel. 

8.  Dr.  Hulme  tried  the  effed:  of  cold  on  this  fponta- 
neous  light.  He  placed  gallipots  containing  pieces  of 
foft  roe  of  herring,  and  of  herring  itfelf,  all  luminous,  in  a 
frigorific  mixture  of  fnow  and  fea  fait,  and  the  lifrht  was 
extinguiflied  in  half  an  hour,  and  the  bodies  frozen.  On 
rem^ng  the  gallipots  into  a  veffel  of  cold  water,  they 
recovered  their  former  luminous  ftate  as  they  thawed,  and 
fhined  for  three  fuccecuing  nights.  The  fame  took  place 
with  fome  liquid  impregnated  with  light,  and  placed  in  a 
cold  mixture.  The  light  of  the  glowworm  was  affefted 
in  the  fame  manner;  hence  cold  extinguiihes  fpontane- 
ous  light  in  a  temporary  way,  but  not  durably,  fuice  a 
moderate  temperature  revives  it  again. 

9.  }Jt  tried  the  eQeCls  of  heat  on  fpontaneous  light. 
One  ndc  of  a  luminous  fi(h  cxpofcd  to  the  fire  fo  as  to 
heat  it  ftrongly,  was  quite  dark  on  that  fide  in  the  labora- 
tory, whilll  the  other  remained  luminous  ;  and  the  light 
ditl  not  reappear.  A  whole  herring,  very  fplendid,  being 
thrown  into  boiling  water,  had  it's  light  immediately  extin- 
guifhed,  nor  did  it  afterwards  revive.  Dead  Ihining  glow- 
worms being  put  into  a  phial  of  water  at  58'^,  and  funk  in 
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boiling  water,  their  light  became  more  vivid  ;  the  glow- 
ing property  was  alfo  augmented  at  114-*.  Heat  alfo, 
obtained  from  folid  bodies  by  fridion,  increafed  it  ;  thus 
two  living  glowworms  perfeftly  dark,  put  into  a  phial  that 
was  rubbed  brifkly  till  it  became  pretty  warm,  generally 
difplayed  a  fine  light.  The  fame  took  place  on  the  light 
of  a  dead  glowv^'orm. 

On  pouring  fome  boiling  water  on  a  dead  luminous 
glowworm,  it  was  immediately  extinguiflied,  and  did 
not  revive.  Dr.  Hulme  found,  that  any  of  the  faline  fo- 
lutiohs  mentioned  at  4,  on  being  impregnated  with  light 
and  left  fome  time  at  reft,  were  rendered  more  lucid  by  a 
moderate  degree  of  heat  j  but  their  light  was  cxtinguiftied 
by  a  great  degree  of  heat.  It  appears  that  this  fpeeies  of 
,ight,  united  with  water,  begins  to  be  extinguiflied  at 
from  96^  to  100°,  and  that  the  method  of  adding  the  hot 
water  by  degrees,  and  in  fmall  quantities,  is  very  elegant, 
and  fhows  how  much  heat  is  requifite  to  exlinguifli  the 
light  J  but  to  prevent  the  poffibility  of  any  light  being 
renewed  after  an  experiment  of  this  kind,  requires  a 
much  greater  heat  than  that  of  100°. 

Dr.  Hulme  found  that  if  much  heat  be  applied  to  the 
bottom  of  a  tube  filled  with  illuminated  liquid  that  has 
been  fome  time  at  reft,  the  light  will  defcend  in  luminous 
ftreams  from  the  top  of  the  tube  to  the  bottom,  and  be 
gradually  extingui(hed.  He  filled  a  tube  nine  inches 
long,  and  1  -ig  of  an  inch  diameter,  which  was  clofed  at 
one  end,  with  fome  very  luminous  liquid  over  night  j  and 
procured  a  gallipot  three  inches  and  a  half  deep,  and 
three  and  a  half  wide,  holding  1  2  oz.  of  boiling  water, 
the  next  evening;  the  tube  which  had  been  placed  in  tho 
laboratory,  and  the  light  of  which  had  afscndcd  plentifully, 
taking  the  circular  form  of  the  tube,  and  forming  a  very 
lucid  ring  at  the  top  of  the  fluid,  had  it's  bottom  immerf- 
p.A  in  the  boiling  water  in  the  gallipot,  when  ^he  lightap-? 
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peared  to  ciefcend  in  about  the  fpace  of  half  a  minute  in 
ftreams  to  the  bottom,  illuminating  the  wliole  fluid  dur- 
ing it's  defcent  in  a  very  beautifid  manner,  and  then  was 
c;raduall/  exiinguiilied.  Tliis  extinction  began  at  the 
top  and  ended  at  the  bottom.  The  moll  eligible  fjiutions 
for  this  kind  of  experiment  are  made  of  Epfom  and 
Glauber's  falts.  Tea  water  and  fal  ammoniac;  and  the  ex- 
perimentalift,  before  he  views  the  defcent  of  the  light  in 
the  tube,  fhould  always  remain  in  the  dark  for  fume  little 
time,  to  get  rid  of  all  the  extraneous  light  adheiing  to 
ihe  organs  of  vifion,  and  to  accuftom  the  eye  to  dark- 
nefs. 

10.  The  effe6ls  of  the  human  body  and  of  the  ani- 
mal fluids  upon  fpontaneous  light,  Dr.   Hulme  found 
to    be   as   follows:     1.   Toe   living    body.     On  touching 
the  luminous  part  of  fifhes,  the  light  adhered  to  the  fin- 
gers and  diflerent  parts  of  the  hands  ;   it   remained  very 
lucid  fome  time  and  then  gradually  difappeared  ;   but  on 
being  applied  to  pieces  of  wood,  (lone,  &c.  of  the  fame 
temperature  as  the  laboratory,  it  continued  luminous  upon, 
them  for  many  hours.     2.  Blood.     Herring  light  mixed 
with  craflamentum  or  red  coagulated  part   of  the  blood, 
and  well   liirred,  became  flightly  luminous,  but  not  of 
long  duration ;  nearly  the  lame  happened  on  mixing  the 
lucid  matter  with  recent  craflamentum  of  pleuritic  and 
rlieumatic  people ;  but  with  black  and  offcnlive  crailamen- 
tum  the  light  fecmed   to   be  more  quickly  extinguifhed. 
There  was  acurious  circumftance,  thaton  mixing  fifli  light 
with  putrefcent  bloody  ferum,  it  would  not  incorporate, 
but  was  ejeCled  in  globules  l.ke  quickfilver,   and   after- 
ward adhered  to  the  fide  in  form  of  a  Kicid  ring.     Mixed 
with  pure  healthy  ferum,  the  herring  light  v/as  foon  highly 
illuminated.     3.   Urine.     jNIuckerel   light  being  ftrongly 
agitated  with  frefli  urine,  a  glimpfe  of  light  was  retainc^l 
;it  Srft,  and  thein  gradually  extinguiflied;  but   i'tale   and 
K  -: 


matter. 
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pungent  urine  had  a  dill  more  pxtinguidnng  effe^l.  5. 
A'J'dk.  Mackerel  liirht  incorporated  by  ftrong  agitation 
villi  frefli  cows  milk,  became  highlv  luminous  and  con- 
tinued lliining  above  '■2\  hours.  Frefli  cream  alio  retain- 
ed fome  light,  though  (perhaps  owing  to  it's  thicknefs) 
it  was  not  fo  vifible  as  with  milk.  When,  however, 
milk  or  cream  turns  four,  it  contrails  a  very  cxtin- 
guidiing  property,  as  it  puts  it  out  immediately. 
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Coiouiins  It  appears,  on  treating  of  the  aAion  of  light  on  animals, 
that  it  has  a  great  influence  on  the  produ6lion  of  their 
colours,  and  that  light  itfclf  when  imbibed  by  bodies, 
inav  become  the  fubje(?t  of  curious  inquiries  ;  it  now  re- 
mains to  give  fome  account  of  the  nature  of  colouring 
matter,  and  of  the  chemical  a6lion  which  different  re- 
agents have  upon  it,  for  the  purpofca  of  dying.  Upon 
taking  a  general  view  of  the  animal  creation,  we  find 
there  is  a  great  variety  of  colours,  not  only  in  different 
animals,  but  even  in  the  parts  of  the  fame  animal.  Thus, 
in  man,  and  all  quadrupeds  in  particular,  blood  is  from  a 
bright  vermilion  colour  to  a  dark  purple ;  in  infers  it  is 
white;  the  flefii  of  the  former  is  univerfally  red;  that  of 
fifli  generally  of  a  more  or  lefs  pale  colour.  The  nerves 
of  an  animal  are  of  an  opake  pearl,  whilft  the  tendons 
fliine  like  filvcr,  and  tliC  brain,  the  liver  and  the  lunjrs 
liave  each  their  peculiar  colour;  the  fame  may  be  faid  of 
the  other  parts.  In  fome  animals,  likewife,  it  appears  that 
colours  only  pervade  the  furfacc  and  cannot  be  colle6led, 
f)r  if  they  are,  the  colouring  tinge  is  flight  and  evanefcent, 
and  foon  difljpates ;  in  other  animals,  or  their  parts,  tlie 
colour  is  as  it  were  fo  concentrated  as  not  onlv  to  be  ca- 
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pable  of  being  extracted  by  different  menftrua,  but  fo 
flable  as  to  be  communicated  to  other  fubftances  to  which 
a  colour  is  given  equally  iirm  and  durable.     This  matter, 
the  colour  of  which  can  be  fo  communicated,  may  be 
called  the  cdouring  matter  of  animals,  and  it  is  from  this 
kingdom,thatthemortrich  and  exquifitely  beautiful  colours 
are  to  be  extrafted,  although  they  are  very  few  in  number. 
With  rcfpe6l  to  the  origin  of  colour,  little  or  nothing 
is  known.     According   to  the  principles  of  optics,  the 
colouring  parts  of  an  animal  (as  well  as  of  the  other  king- 
doms) may  be  faid  to  be  thofe  parts  which  poflefs  or  ac- 
quire a  power  of  a6ling  on  the  rays  of  light,  fo  as  either 
to  abforb  them  all,  and  produce  the  fenfation  of  black,  as 
the  ink  of  the  cuttle  fifli,  or,  only  to  abforb  particular 
rays  and  tranfmit  or  refleft  the  others,  and  thereby  pro- 
duce the  perception  of  that  particular  colour  v.'hich  be- 
longs to  the  rayfo  tranfmitted  or  reflefted. 

Some  have  attributed  the  power  of  ailing  on  the  rays 
of  light  to  phlogiflon,  others  to  the  prefence  of  iron,  but 
tlie  candid  and  impartial  judge  muft  acknowledge  the 
want  of  a  fatisfaftory  explanation. 

There   is  great  reafon  to  believe  that  it  depends  upon 
the  proportion  of  the  component  parts  of  bodies,  more 
than   upon    the  particular  form   or   fliade  of  thofe   ul- 
timate parts  ;  and  the  prevailing  opinion  is  that  the  m.od 
eflential  circumftancein.the  produclion  of  colour  depends 
on  the  abfence  or  the  different  quantity  of  oxygen,  which 
the  coloured  matter  retains  in  it's  compofition.     A  com- 
parative view  with  the  different  oxyd^  of  the  metals,  the 
coloursof  which  appear  to  depend  on  the  different  propor- 
tion of  oxygen  they  contain,  may  afford  ftrong  arguments 
in  it's  favour ;   but  in  animal  fubftances,  as  the  oxvggn 
cannot  eafily  be  feparated  without  decompofing  the  other 
component  parts,  it  is  much  more  diflicult  to  determine 
whether  the  colours  depend  upon  the    difierent    pro-  ^ 
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portions  of  component  parts,  and  in  what  manner  they 
are  afll'6ied  bv  the  abfence  or  prefcnce  of  the  oxvcen.  A 
further  inveftigation  is  neccHary  to  clear  awav  all  the 
doubts  on  this  interefting  fubje(5t.  In  the  mean  time  we 
niuft  reft  fatisficd  with  the  explanations  of  the  three  in- 
genious chemifls  before  mentioned. 

Independent,  however,  of  the  form  and  figure  of  the 
particles  of  bodies,  the  opinion  of  fir  Ifaac  Newton  (who 
afTerted  that  all  coloured  matter  refidU  the  rays  of  ltght\ 
fonie  bodies  reflcfl'mg  the  more  refrangible,  others  the  Icfs 
refrangible  rays,  more  copioufly,  and  which  he  affirmed 
was  the  only  true  reafon  of  thefe  colours)  has  been  called 
inqneflion,  and  in  the  progrefs  of  inquiry  another  theory 
E.yppri-       has  b(^en  attempted,  which -Delaval  fupports  by  numerous 

mcnts  of  .  _,,  ^    A  1  r 

Diiava!.  cxpermicnts.  1  hey  were  nrlt  made  on  traniparent  co- 
loured fubflances,  as  being  of  the  fimplcft;  kind,  confiR- 
ing  only  of  the  colouring  particles  united  with  and  dif- 
fufed  throughout  tranfparent  media,  fuch  as  fpirit  of  wine, 
water,  &c.  From  the  examination  of  fuch  tinged  media 
he  has  been  enabled  to  difcover  feveral  properties  of  co- 
loured matter,  very  different  from  what  has  hitherto  been 
fuppofed  to  prevail :  for  inllance,  Delaval  affirms,  from 
his  experiments,  that  in  tranfparent  coloured  fubftances, 
the  colouring  ?natter  does  not  rejleii  any  light ^  and  when  by 
intercepting  the  light  which  is  tranfmitted,  it  is  prevent- 
ed from  pafling  through  fuch  fubftanccs,  they  do  not 
varv  from  their  former  colour  to  any  other  colour,  but 
become  entirely  black. 

For  the  purpofe  of  obferving  the  manner  in  which 
franfparent  colonred  bodies  aft  upon  the  rays  of  ligJit,  he 
procured  fmall  vials  of  flint-glafs,  of  a  parallclopiped  forni. 
lie  covered  the  bottom  and  three  of  the  fides  of  each  of 
thef*  phials  witli  a  black  varniffi,  the  cylindrical  neck 
and  the  ar^tcrior  fide,  except  at  it's  edges,  were  left  un- 
ca\-c!red  ;  hence  no  light  could  be  admitted,  except  through 
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the  neck  and  anterior  fide  of  them.  The  uncovered  fide 
fliould  be  placed  oppofite  the  wuidow,  but  in  fuch  a  di- 
redlion  as  to  form  a  right  angle  with  it.  He  conftantly 
found  that  the  liquor  in  the  neck  exhibited  it's  colour 
dillin6lly  and  vividly,  whilll  that  in  the  body  of  the  vials, 
■viewed  through  the  uncovered  fide,  exhibited  no  colour, 
but  was  black}  and  as  to  the  expreffions  rcjic^.cd  light 
and  tranfmitted  hght,  as  tranfparent.colomcd  bodies  are 
not  endued  with  any  rfjleilive  povv'er,  the  word  refieSfed 
cannot  be  properly  applied  to  ths  light  which  fails  on 
them;  he  has  therefore  fubftituted  the  v.'ords  Incident  Ught, 
inftead  of  r:fle6ied  light. 

• 

Table  of  tranfparent  coloured  liquors  viewed  by  tranf- 
^         mitted  and  by  incident  light,  from  the  animal  king- 
dom. 

By  tranfmlt-    By  inci- 
ted lijht.     dent  light. 

1.  Cochineal  infufed  in  dlfiilled  water  red.  black. 

2. in  fpirit  of  wine  red.  black. 

3.  Kermes  infufed  in  diftilled  water  yellow,  black, 

4. in  fpirit  of  wine  yellow,  bladk, 

5.  Ox  gall  diluted  with  diftilled  water  yellow,  black, 

6.  Blood  with  fpirit  offal  ammoniac  red.  black. 

The  few  experiments  juft  cited  are  thofe  which  Dcla- 
val  made  on  animal  fubllances,  and  are  extracted  from  a 
numerous  collcftion  of  others  made  in  the  three  king- 
dorps.  The  author  informs  us,  that  thefe  (liow,  that 
tranfparent  coloured  liquors  do  not,  as  before  aficrted, 
yield  any  colour  by  refleftion,  but  by  tranfmiffion  only. 
If  thefe  liquors  are  fpread  thin  on  any  white  ground,  they 
appear  of  the  fame  colours  which  they  exhibited  when 
viewed  in  the  necks  of  the  vials,  as  the  light  reflcded  " 
from  the  white  ground  is,  in  this  cafe,  tranfmitted  through 
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the  coloured  medium ;  but  when  they  arc  fpread  upon 
a  black  ground,  tiiey  afford  no  colour  j  but  the  black 
ground  fliould  not  be  a  poliflicd  body,  as  the  light  re- 
flected by  it  would  be  tranfniitted  through  this  medium 
on  it's  furface,  and  be  tinged  by  paffing  through  it. 

lie  found  alfo  that  opake  bodies  do  not  exhibit  their 
colours  by  reflecting  the  rayB  of  light :  he  affirms  this  to 
be  a  general  law ;  and  as  animal  fubftancesdo  not  afford 
any  great  variety  of  coloured  produdls,  yet,  fince  in  thofe 
which  do  exhibit  colours,  the  colouring  particles  are  en- 
dued with  the  fame  properties  which  prevail  in  vegetables, 
tliey  muft  be  regulated  bv  the  fame  laws.  In  vegetables, 
on  depriving  them  of  their  colouring  matter,  there  re- 
mained a  folid  white  earthy  fubftance,  which  is  the  only 
part  of  them  endued  with  a  refle6live  power  ;  he  afferts, 
tlieir  coLurs  are  produced  by  the  light  refle6led  from  this 
white  matter,  and  tr'anfmitted  from  it  through  the 
coloured  coat  or  covering  which  is  formed  on  it's  furflice 
by  the  colouring  particles.;  and  that  when  the  colouring 
matter  is  difcharged,  the  folid  earthy  fubftance  is  expofed 
to  view,  and  difplays  that  wbitencfs  which  is  it's  diftin- 
guifliing  character.  In  like  manner  flefh,  which  confifts 
of  fibrous  veffels  containing  blood,  is  perfe6lly  white, 
when  diverted  of  the  blood  by  ablution.  The  mem- 
branes, finews,  bones,  and  other  folids  are  white,  and 
when  freed  from  their  aqueous  and  volatile  parts,  they  are 
a  mere  white  earth,  unalterable  by  fire,  and  incapable  of 
imparting  to  glafs  an  opake  whitenefs. 

From  the  experiments  with  blood  abovemcntloned  in 
the  vials,  and  from  the  above  confiderations,  it  appears 
to  Delaval,  that  the  florid  colour  of  the  flcfii  arifes  from 
the  light  which  is  refeSi:d  from  the  ivJ/ite  fibrous  fub- 
ftance, and  tranfmitted  back  through  the  red  tranfparent 
covering,  which  the  blood  forms  on  every  p»art  of  it. 
Tl^e  blood  whilft  recently  drawn  docs  not  aflumc  the 
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appearance  coramon.to  tranfparcnt  coloured  liquors,  for. 
fuch  liquors,  when  too  mairy  to  tranfmit  light  from,  their, 
fiirlher  furfaces,  are  black.     But  blood   recently  dravai 
yields  a  red  colour,   in  whatsoever  mailos  it  is  difpofcd. 
The  colour  thus   exhibited   arifes  from   a  white  matter, 
diffufed   throughout  the  blood.      This  white  matter  is 
eafilv  feparable  from  the  red  part  of  the  cruor.     This, 
may  be  performed  bv  dividing  the  cruor  after  it  is  coagu- 
lated into  thin  pieces,  upon  which  a  fufficient  quantity, 
of  water  muft   be  poured.     The  cruor  communicates  a 
red  tinge  to  the  water,  which  fhould  be  changed  every 
day ;  after  a  few  days,   the  water  no  longer  receives  any 
tinge,   and   the  remaining  maiTes  of  the  cruor   are  by 
thefe  means  rendered  perfe6lly  white.     Thus  it  appears, 
that  not  only  the  fledi,  but  alfo  the  blood  itfelf^  are  while 
fubftances  tinged  with  red  particles. 

The  red  colour  which  the  fliells  of  lobders  afllmie 
after  they  are  boiled,  is  a  mere  fuperficial  covering,  fpread 
over  the  white  calcareous  earth  of  which  the  ihtlh  are  ' 
formed,  and  may  be  eafily  removed  by  fcraping  or  filing 
the  furface.  Before  this  fuperficial  covering  is  attenuat- 
ed by  the  heat,  it  is  much  denfer,  fo  that  in  fome  parts 
of  the  fliells  it  appears  black,  as  it  is  too  denfe  to  admit 
the  pafTage  of  the  light  to  the  white  fubltance  of  the  (hell, 
and  back  again.  But  where  this  tranfparent  blue  colour 
is  fpread  tliinner  and  rarer,  the  light  refie6led  from  the 
white  fubftance  of  the  (hell  is.  traufmitted  back  through 
the  blue  film,  and  yields  a  light  blue  colour.  The  colour 
of  the  fliells  of  feveral  fpecies  of  eggs  is  alfo  mciely  fu- 
perficial, and  may  be  fcraped  ofi,  leaving  the  white  earth 
of  the  fliell  expofed  to  view. 

Feathers  in  like  manner,  according  to  Delaval,  owe 
their  colour  to  thin  layers  of  coloured  matter,  covering 
the  white  fubftance,  ot  which  they  are  principally  formed. 
He  fcraped  oft' the  fuperficial  colour  from  fuch  paxts  gf 
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vividly  coloured  feathers  as  were  folid  enough  to  admit 
of  that  operation,  and  by  this  means  feparatcd  the  co- 
loured layers  from  the  white  ground,  on  which  they  had 
been  naturally  fpread.  The  furfaces  of  the  lateral  fibres 
of  feathers  cannot  be  thus  fcparated  on  account  of  their 
minutencfs.  But  as  they  appear,  when  viewed  with  a 
microfcopc,  nearly  to  refemble  in  their  form  the  feathers 
themfelves,  it  feems  probable,  that  their  colours  arife 
from  a  fimilar  matter  and  conformation  in  the  fmaller 
fibres,  as  in  the  grofler  parts  of  the  feathers. 

The  colours  of  all  animal  fubftances,  which  have  fal- 
len under  his  obfervation,  appear  to  him  to  be  cftc6led  in 
the  manner  defcribed.  In  all  the  inftances,  the  colours 
of  the  bodies  are  produced  by  the  light  refle6led  from 
a  white  fubflance,  and  tranfmitted  back  from  it 
throi:gh  a  tranfparent  coloured  covering.  The  colouring 
particles  were  extracted  from  fuch  of  the  bodies  as  were 
capable  of  yielding  them  to  any  proper  folvents,  and  in 
their  ftate  of  fokition,  as  well  as  when  condenfed  into  a 
folid  confidence,  they  were  conflantly  found  to  pofTefs  a 
power  of  tranfmitting  colour,  but  to  be  devoid  of  any  re- 
flexive power. 

In  the  examination  of  fome  animal  fubje3:s,  when  the 
colouring  matter  could  not  be  feparated  from  the  white 
fubftance  by  chemical  means,  he  had  recourfe  to  me- 
chanical methods  of  effecSting  their  divifion.  But  fuch 
methods,  he  confeffcs,  can  only  be  employed  when  the 
principle  part  of  the  white  fubflance  is  unmixed  with  the 
coloured  coat  or  covering  which  is  fpread  upon  it's  fur- 
face. 

To  conclude,  from  all  the  experiments  and  obfervations 
of  Delaval,  it  appears  that  all  colouring  matter,  whether 
animal,  vegetable  or  mineral,  is  tranfparent  j  that  it  does 
not  refle£t  colours,  but  exhibits  them  by  tranfmiffion 
only  J  and  that  opake  coloured  bodies  conlifl  of  tranfpa-. 
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rent  matter,  which  Covers  opake  white  particles,  and 
tranfmits  the  hght  that  is  reflecled  from  thicm  ;  and  this 
white  fubftance  which  compofes  animal  and  vegetable 
bodies  confifls  principaljy  of  calcareous  earth.  All  co- 
louring matter  is  black  when  viewed  by  incident  light, 
and  all  fubftances  incline  to  blacknefs  in  proportion  as 
they  are  copioully  ftorcd  with  tingeing  particles. 

Bergman  appears  to  have  been  the  firft  who  obfcrved  TiJs  matter 
that  the  colouring  matter  of  bodies  poflefTes  chemical  fhemicai 
properties  that  diftinguiih   it  from  all  other  matter  ;  for  P'"P«'^"^'- 
belides  it's  feveral  affinities  with  particular  ravs  of  light, 
it  has  others  which  render  it  fufceptible  of  being  a^ted 
upon  and  modified  by  a  variety  of  chemical  agents,  and 
of  forming  permanent   combinations  with  other   fub- 
ftances, fuch  as  the  filaments  of  wool,  lilk,  cotton,  li- 
nen, &c. 

It  is  from  thefe  affinities  that  the  art  of  dying  arifes, 
and  thofe  beautiful  colours  communicated  that  fo  much 
adorn  the  elegancies  of  tafte ;  lince,  however,  thefe  affi- 
nities are  of  various  flrength,  fome  being  ftrcng  enough 
to  form  with  the  fubftanceto  be  dyed  a  permanent  co- 
lour, whilft  others  require  an  interm.edium  to  unite  them 
together,  colouring  matters  havtf  been' divided   into  tuoj^^o^Tn^ 

u-     J  of  coiourin* 

Kintls :  ^^^^^,_  "* 

1.. Thofe  the  attradlicns  of  which  for  the  particles  of  the  Sabilinti»«, 
different  llutfs  are  fufficiently  ftrong  of  themfelves  fur  the 
colour  to  be  fixed,  have  been  called  by  Dr,  Bancroft /s/^- 
Jiantive  colours. 

2.  Thofe  of  which  the  attractions  are  not  fufficiently 
ftrono"  of  themfelves,  but  require  foBie  earthy,  nietallic,  or 
other  body  that  has  an   attraction  for  both,   by  which  a 

bond  of  union  is  formed  and  ths  colour  fi.sed,  are  called  Ad  ..■dtive_. 
adjecllvc  colours. 

3.  The  l^ody  that  is  interpofed  is  called  the  mor^dcnt  c  Mcrdsnv 
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Amongft  the  firft  may  be  reckoned  the  T)  rlan  pur. 
pie;  and  amongll  the  fecond,  the  different  red  colours  of 
the  animal  kingdom,  for  which  we  are  indebted  to  the  in- 
fe6t  tribes.  The  purple  is  fuppofod  to  have  been  produced 
by  a  fnail,  a  fpccies  of  murex,  and  the  red  is  taken  from 
fevcral  fpecies  of  the  genus  coccus  of  the  order  hemip- 
tera  of  infects,  fuch  as  the  coccus  ca6li,  ilicis,  lacca  and 
polonlcus.  According  to  Olivier,  ufcful  colours  may 
likewifc  be  obtained  from  the  coleoptera  order,  particu- 
^  larly  one  from  the  meloe  profcarabseus  5  and  in  America 

there  is  a  large  green  worm  which  infcfts  the  tobacco 
plant ;  this  when  bruifed  affords  a  confiderable  quantity 
of  a  green  liquor  that  might  be  ufeful  as  a  dye.  Thus 
whiKt  a  lew  of  the  mammalia  regale  us  with  their  excel- 
lent perfumes,  thefe  fmaller  tribes  add  their  tribute  to  the 
arts  of  man,  by  prcfenting  him  with  the  mod  rich  and 
brilliant  of  colours. 


Ty  rian  pur- 
pie. 


TTBIAN  PURPLE. 


The  origin  of  the  difcovcry  of  the  famous   purple  fo 
much  boafted  of  by  all  antiquity  is  perhaps  unknown. 
Tradition  has  handed  down  to  us  different  accounts  of  it. 
It'sdifco-    It  is  related,   that  a  fhepherd's  dog,   being  prcffed  with 
veo'and      huno;er,  broke  a  ffieli  upon  the  fea  fliore,  when  the  blood 
<[uity.         that  ran  from  it  flained  his  mouth  of  fo  beautiful  a  co- 
lour as  to  ftrike  the  admiration  of  thofe  that  faw  it;  they 
endeavoured  to  make  a  dye  of  it,  and  fucceeded.  Another 
account  is,  that  at  the  time  Hercules  was  in  love  with 
the  nymph  Tyros,  his  dog  happening  to  find   a  fhcll  on 
the  fea  (hore,  broke  it,  and  his  mouth   was  ftained  with 
the  purple.     The  nymph  obferving  it,  and  charmed  with 
the  richnefs  and  beauty  of  the  colour,  declared  to  her 
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lover,  {lie  would  fee  him  no  more  until  he  brought  her  a 
garment  dyed  with  the  purple.  Hercules  fucceeded  by 
collecting  a  number  of  fhells,  and  brought  the  purple 
robe  fhe  had  demanded. 

Some  place  this  difcovery  in  the  reign  of  Phcenix  fe- 
cond  king  of  Tyre,  about  500  years  before  Chrift;  others 
at  the  time  that  Minos  the  firft  reigned  in  Crete,  about 
1439  years  before  the  chriftian  aera.  The  greater  num- 
ber of  authors,  however,  give  the  honour  of  the  inven- 
tion of  dving  ftuffs  purple  ifc  the  Tyrian  Hercules,  Pie 
gave  his  firft  trials  to  the  king  of  Phoenicia,  and  that 
prince  became  fo  jealous  of  it's  beauty,  that  he  forbade 
it's  ufe  to  all  but  his  defcendants  and  the  prefumptive  heir 
of  the  crown.  With  refpctSl  to  th#expHcation  of  the  fable 
of  the  difcovery,  we  are  informed  by  Bochart,  that  in  the 
Syriac  language  the  fame  word  fignifies  a  d-.g  and  a  dyer, 
which  the  Greeks  applied  to  the  former  animal.  The 
antiquity  however  of  the  difcovery,  as  obferved  bv  Go- 
guet,  is  confirmed  bv  the  teftimony  of  Homer,  who  gives 
purple  ornaments  to  heroes  who  lived  about  the  age  in 
which  it  is  faid  to  have  been  made  known. 

The  purple  dye  was  drawn  from  many  kinds  of  fea-  -wiifnce 
{liells,  but  the  beft  were  found  nt-ar  the  ifle  where  new  "-xtradted. 
Tyre  was  built.  They  likewile  fifned  for  them  in  other 
places  on  the  Mediterranean.  The  coan.s  of  Africa  were 
famous  for  the  purple  of  Getulia,  and  the  coafts  of  Eu- 
rope fupplied  the  purple  of  Laconia,  which  they  held  in 
great  efttcm. 

According  to  the  accounts  of  Arlftotle  and  Pliny,  to^^^ountof 

whom  pofterity  is  indebted  for  almoft  the  only  account,  ■^"'^o^'e 

.      ■  .  .  audPlin)', 

It  was  obtained  from   an  univalve  fliell  fiili.     Plinv,  in 

whofe  time  it  feems  this  dye  had  attained  it's  greatefl; 

perfe«£tion,'divides  the  principal  fhell  fi{h  which  afforded  it 

into  twofpeciesj  the  firft,  comprehending  the  fmall  fpe- 

.  cies,  he  called  buccinum  or  whelk  j  the  fccond  include^ 
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thofc  calltd  purpura,  and  were  of  a  larger  fize.     Both 
fpecie?  were  fubdivlded  into  fcvcral  varieties  ;  they  were 
likewife  dirtinguiihcd  by  the  more  or  lefs  beautil'Lil  co- 
lour ihev  gave,  and   according  to  the  coafts  where  the 
fifl^ery  was  carried  on.     Thtfe  are  fuppofed  by  Fabius 
Columna  to  have  been  alfo  diftinguilhed  by  the  generic 
name  of  murex.     The  juice  was  contained  In  a  fmall 
vein  found  in  thebody  of  the  buccinum  quite  colourlefs; 
it  hkewife,  when  broken,  contained  a  very  fmall  quantity 
of  a  red  liquor  (haded  with*  a  black  tinge,  the  nigricans 
Tofa  of  Plinv.     The  colouring  juice  of  the  purpura  was 
found  in  a  veflel  in  the  throat,  but  fo   fmall  was  it  in 
quantity  that  only  one  drop  could  be  extracted  from  each 
animal. 
Ifsprepa-       When  a  fufEcicnt  quantity  of  the  colouring  juice  was 
rjtjon.        extracted,  a  certain  portion  of  marine  fait  was  added  to 
it ;    it  was  then  macerated  for  three  days,  after  which  five 
times  the  quantity  of  water  was  added,  the  mixture  kept 
in  a  moderate  heat,   and  the  animal  parts  which  rofe  to 
the  furface  were  fcparatcd  from  time  to  time.     Thcfe  ope- 
rations 1  iftcd  ten  days,  after  which  the  liquor  was  tried 
whether  it  had  taken  the  proper  degree  of  colour  by  means 
of  a  piece  of  white  wool. 
MetVdsof       Previous  to  the  dyeing,   the   ftuff  was  differently  pre- 
dyemg  with  pared;  feme  dipped  it  in  lime-water,  others  made  ufe  of  a 
fpecies  of  fucus  which ^6led  as  a  mordant  to  render  the 
colour  more  fixed.     We  are  informed,  that  the  liquor  of 
tlie  buccinum  did  not  afford  a  fixed  colour  of  itfclf,  but 
it  incrcafed  file  brightnefs  of  the  colour  of  the  purpura. 
In   dyeing   the  Tvrian    purple,    they   began  with    the 
juice   of  the   purpura,    then    a   fccond  dye    was    given 
Mf\\.h   that  of  the   buccinum  j  hence  Pliny  gives  it   tliQ 
name  of  purpura  dih(jth(7.     In  other  procellc's,  the  juices 
of  the  two  were  mixed  ;  for   infiance    to  dye  50lb.  of 
wool,  SOUlb.  of  the  buccinum,  and  lOOlb.  of  the  juiw^ 
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of  the  purpura  were  taken,  bywhich  means  an  amethyft 
colour  was  obtained;  ioraetimes  a  ground  -waiS  given  with 
the  coccus  (the  modern  kermc:;),  and  afterwards  the  juice 
of  the  purpura  was  ufed.  Likewife  a  g'^eat  variety  of 
purples  were  obtained  by  uniting  fome  of  thefe  method^j 
which  were  diftinguilhed  by  different  names  ;  thus,  ac- 
cording to  Pliny,  that  of  Tyre  was  of  the  colour  of  coa- 
gulated blood,  the  amethyft  purple  took  it's  name  from 
the  ftone,  another  fpecies  refembled  violet,  &c.  It  ap- 
pears that  fome  kinds  of  purple  preferved  their  colour  a 
long  time,  for  it  is  related  by  Plutarch  in  the  life  of 
Alexander,  that  the  Greeks  found  a  great  quantity  of 
purple  in  the  trealury  of  the  king  of  Perfia,  the  beauty  of 
which  had  not  changed  during  IQO  years. 

The  very  fmall  quantity  of  juice  extracted  from  thcle  Ii'i  flcir- 
animals,  and  the  length  of  the  operation  of  dyeing,  made 
the  purple  of  fo  high  a  price,  that  at  the  time  of  Auguftus 
one  pound  of  wool  dyed  with  theTyrlan  purple  could  not 
be  bouoht  for  thirty  pounds.  It  is  fuppofed  from  the 
commerce  of  this  precious  dye,  that  it  contributed  much 
to  the  opulence  of  that  once  celebrated  citv.  From  it's 
great  price  it  was,  as  may  be  fuppofed,  an  attribute  every 
where  of  high  birth  and  dignities,  the  purple  therefore 
decorated  the  firft  magiftratcs  of  Rome;  but  as  it  foon 
became  lefs  fcarce  amongft  the  opulent,  it  was  at  laft  re- 
ferved,  under  pain  of  death,  to  the  emperor;;  whlHl  the 
priefts,  every  where  bufy,  canonized  it  as  a  colour  agree- 
able to  the  divinity,  and  which  when  firft  known  was  ar- 
rogated bv  them  for  his  worftiip. 

For  many   centuries  nothing  was  knov.-n  refpe6llng  Redifcovei* 
the  two  juices  which  formed  the  Tyvian  dve,  except  what  ^odcnis! 
the  ancients  had  left  us;   fo  that  although   Ariftot!,e  and 
Pliny  had  given  fome  intimations  of  their  being  primi- 
tively white,  and  Pliny  had  mentioned  on*^  of  the  inter- 
medUte  colours  or  green  wliich  takes  place,  yet  the  otl)ier 
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colours  they  undergo  on  cxpofurc  to  the  rays  of  the  fun 

were  notdiftiniSlly  noticed,  until  the  animals  which  afford 

them  were  difcovercd  at  the  end  oi  the  la(l:  century  and 

the  beginning  of  the  prcfent.     It  was  not  till  then  that 

any  adequate  conceptions  coidd  be  formed  of  the  changes 

thc-y  underwent  before  they  became  purple. 

r-^ie  and  ^^r  the  identity  of  the  ilicll  fifli  of  the  ancients  with 

^♦■aumur     j^^ifg  of  the  modcms,  we  nre  indebted  to  Duhamel,  who 

tiir  imcci-    difcovercd  the  purpura,  and  to  Cole  and  Reaumur  who 

num.  Ill 

round  the  buccmum. 
Thcbucci.  With  refpcilrl  to  thebuccinum,  it  was  found  in  1086  by 
Colein  great  plenty  on  fome  of  the  Irifh  {liores,on  iheOiores 
of  Somerfetfliire,  and  the  oppofilc  ones  of  South  Wales, 
and  confiderable  prolit  was  made  of  it  by  marking  linen 
with  it's  juice  of  a  dne  durable  crimfon  colour.  A  fmall 
fpecies  of  the  buccinum  was  likcwife  found  by  Jufficu  on 
that  part  of  the  French  coafts  which  is  waflied  by  the 
Atlantic  ;  it  refembled  in  form  the  garden  fnail,  and  w^as 
prcfentcd  to  the  Royal  Academy  at  Paris  in  1 709,  whild 
in  the  fol'owing  year  Reaumur  found  great  quantities  on 
the  coafl  of  Poitou.  The  ilicll  of  the  buccinum,  which 
js  confiderably  hard,  is  iirll  broken  bv  a  fmall  blow,  tak- 
ing care  not  to  crufh  the  body  of  the  fiih  within.  After 
picking  off  the  broken  pieces.  Cole  found  the  juice  in  a 
little  white  vein  or  refervoir,  lying  tranfverfely  in  a  fmall 
furrow  or  cleft  near  to  the  head  of  the  fifli ;  this  white  li- 
quor bcin^r  taken  out  is  clammy,  and  if  characters  be 
drawn  with  it,  or  if  it's  vifcid  juice  be  fqueezed  upon 
linen  or  lilk,  the  part  acquires  immediately  on  being  ex- 
pofed  to  the  fun,  a  pale  yellowifh  green,  which  quickly 
deepens  into  an  emerald  green,  then  changes  to  a  blue, 
and  lafily  to  a  deep  purple  red.  This  fueceffion  comes  on 
fo  quickly  as  fcarcely  to  be  diftinguiflied,  and  the  changes 
are  made  quicker  or  flower,  according  to  the  degree  of 
the  fun's  heat.     If  the  cloth  be  now  waflied  with  IVald- 
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ing  water  and  foap,  and  laid  again  in  the  rays  of  the  fun, 
the  colour  changes  to  a  beautiful  crimfon  ;  which  fuifers 
no  further  alteration  from  fun  or  air,  or  any  of  the  fub- 
ftances  ufed  for  aflaying  the  permanency  of  colours. 
Cole  likewife  found,  that  whilft  linen  marked  with 
this  white  liquor  was  drying  by  expofure  to  the  fun  dur- 
ing the  firft  time,  it  always  yielded  a  very  ftrong  fetid 
fmell  refumbling  a  mixture  of  garlick  and  affa  fcetida;  it 
appears  alfo  that  the  purple  of  the  ancients  had  a  flrong 
fmell. 

With   refpeft  to  the  purpura,  we  are  informed  by  du  Du  Hamel 
Hamel  that  it's  juice  receives  no  colour,  nor  communi-  thepui- 
cates  any,  either  to  filk  or  linen,  without  expofure  to  the  P"'*- 
fun  ;  that  it  is  the  light  and  not  the  heat  of  it's  rays  that 
calls  it's  colour  forth;  for  when  the  filk  or  linen  is  covered 
with  thin  opake  bodies  which  tranfmit    heat  without 
light,  no  eolour  is  produced,  whilft  tranfparent  bodies  do 
not  impede  it.     Likewife  the  light  of  a  culinary  fire  con- 
centrated by  convex  glafles  and  concave  mirrors  has  no 
effeft  upon  it.     Du  Hamel,  who  found  the  vifcid  colour- 
ing liquor  of  this  fi{h  white,   except  in  a  few  inftances 
where  it  was  green,  and  which  he  fuppofed  originated 
from  difeafe,  gives  the  colours  it  alTumed  on  expofure  to 
the  fun  in  the  following  order,     ift.  A  pale  green  or 
yellow.     2d.  an  emerald  green.    3d.  a  dark  blui(h  green. 
4th.  a  blue  with  an  incipient  rednefs.     5th.  a  purple. 
Thefe  colours  took  place  in  lefs  than  five  minutes,  and  it 
only  became  green  when  not  expofed  to  the  Ught.     Ac- 
cording to  Lewis,  this  fucceflion  of  colours  is  beft  obferved 
when  the  fun  is  low  and  his  a<Slion  is  weak,  whilft  at 
noon  in  fummer  they  are  fo  quick  as  not  to  be  L>afily  dif- 
tinguiflied.     Du  Hamel  found  it  in  great  abundance  on 
the  coafts  of  Provence.     Sjiail^  pcfllffing  the  fame  pro- 
perty are  found  to  cxift  in  various  parts  of  the  world. 
From  the  account  of  John  Nieuhofl',  there  are  an  abun- 
VOL.  II.  s 
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Ot'ieis  pof- j^nce  of  purple  fnails  found   in   the  i Hands  over   affainft 

felTiiig  tli<;  _         '         '  _  ==  ^ 

purple  CO-  Batavia,  and  it  appears  that  the  Chinefc  have  the  cuftoni 
of  eating  them,  at  the  fame  time  they  pick-  out  of  the 
middle  of  the  animal  a  purple  coloured  fubllancc  which 
thev  ufe  as  red  ink.  According  to  Dr.  l^eyfonnel  a 
naked  fnail,  producing  a  purple  colour,  is  found  in  the 
feas  of  the  Antilles;  and  is  looked  upon  as  precious 
for  the  beautiful  purple  colour  it  produces,  which  is 
purple  without  the  aid  of  light.  It  is  etnittcd  in  the 
fame  manner  as  the  black  ink  of  the  cuttle  flfn  or  fcpia, 
which  when  in  danger  furround  itfelf  with  it's  vifcid 
bitter  black  fluid ;  this  laft  was  ufed  as  ink  by  the  Ro-" 
mans,  and  is  faid  at  this  time  to  form  the  balis  of  the 
Chinefc  or  Indian  ink. 

In  the  hiftory  of  Jamaica  bv  Dr.  Brown,    is    a  de- 
fcription  of  two  flicll  ii(h  containing  a  (imilar  ])urplc  co- 
louring liquor.     The  one  is  termed  the  larger  dark  lernca] 
or  feafnaily  and  is  very  frequent  in  the  Anicricau  fcsis,, 
On  touching  this  animal,  he  obferves,  it  emits  a  confide- 
rable  quantity  of  a  vifcid  purple  liquor,  which  thickens, 
and   colours   the   water  fo  much,  that  it  is  fcarcely  to  be' 
fecn  for  fome  time,  bv  which  means,  like  the  cuttle  flfli, 
it  efeapes  danger.     This  liquor  colours  linen  of  a  beauti- 
ful dark  purple,  not  apt  to  be  changed  either  by  acids  or 
alkalis,  but  it  diiTers  from  that  of  tire  buccinum  by  being 
readily  waflied  out,  as  well  as  being  naturally  emitted  of. 
a  purple  colour.     The  other  of  thefc  fliell  fjfli  is  called 
i]ic  puipic  ccsan  J})ell^  and  on  being  touched  it  emits  a  li- 
quor refenibling  the  former. 

To  thcfe  it  may  be  added  on  the  authority  of  Reaumur, . 
that  on  fome  of  the  French  coafts  he  found  great  num- 
bers of  fnudl  elliptical  fpheroidal  bodies  adhering  to  the 
rocks  by  a  iliort  Hem  like  liuits,  and  that  the  purple  filh  . 
were  .commonly   accumulated   plenlifuUv   about    thefe. 
On  examination  of  the  bodies  he  found  them  to  be  veli- 
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cles  filled  with  a  liquor  of  the  lame  quality  as  the  juice 
of  the  fifl),  but  lefs  vifcid  and  more  readily  fj^reading  upon 
linen.  At  firll  he  fufpcftcd  them  to  be  egg:s,  perhaps  of  ^ 
the  purple  fiih,  but  could  notobierve  any  thing  like  them 
on  difledion.  They  are  only  in  perfection  in  autumn, 
whim  ih'furamcr  they  have  either  loil  their  colouring 
juice,  or  the  juice  it's  power  of  becoming  purple  in  the 
fun.  And  Gage  relates  that  fome  lliell  fifli  were  found 
near  Nicova,  a  fmall  SpaniHi  city  in  South  America, 
which  had  ail  the  properties  defcvibed  by  the  ancients, 
as  Pliny,  &c.  It  even  appears  that  fome  ufe  is  made  of 
them  in  dyeing  cotton  on  the  coafis  of  Guajaquil  and 
Guatimala. 

The  colours  of  the  Portnguefe  men  of  war,  or  holu- 
thuria  phvfalis-  of  Linnaeus,  prefent,  fome  of  theni  a 
beautiful  crimfon,  others  a  fine  purple,  and  Dr.  Bancroft 
procured  a  fluid  of  the  fame  purple  colour,  with  which 
he  ftained  the  corner  of  a  cambric  handkerchief  that  fuf- 
tained  nine  months  repeatedly  wafhing  without  lofing 
much  of  it's  colour.     This  liquor  was  vcrv  acid. 

It  is  obferved  by  Martin  Lifl:er  in  the  Philofophical 
Tranfa£lions,  that  the  common  hawthorn  caterpillar  will 
ftrike  with  lie  a  purple  or  carnation  colour  that  will 
ftand  ;  likewife  the  heads  of  beetles  and  pilhiires  will  o;ive 
an  equally  fixed  carnation  colour  3  and  he  adds,  that  the 
amber  coloured  fcolopendra  affords  by  means  of  lie  a 
moft  beautiful  amethyft  colour  equally  durable,  whild 
ec:gs  of  a  cimcx  bruifed  upon  white  paper,  communicate 
alone  a  lively  and  bright  vermilion  colour. 
■  From  this  account  of  the  Tyrian  purple,  it  appears  (hat 
it  is'not  loft  ;  if,  however,  modern  artift^  have  neglected 
to  procure  it,  if  thev  have  not  endeavoured  to  nrofit  from 
the  effays  already  mentioned  as  made  by  their  contempo- 
raries, it  is  becaufe  colours  have  been  acquired  that  are 
not.  only  more  beautiful   but  lefs  dear.     Wc  have,  be- 

s  2 
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fides  what  has  been  defcribed  a  very  detailed  defcrlption 
of  the  manner  in  which  the  ancients  fiflied  for  the  (hell 
,%  fl(h  that  afforded  the  purple,  in  a  work  compofed  by 
Kudocia  Macrembolitifla,  daughter  of  the  emperor  Con- 
Itantine  the  Eighth,  who  lived  in  the  11th  century. 
This  lady  was  an  eye  witnefs  of  the  account  (he  wrote. 
Cochineal.  jj^g  infed  from  which  that  beautiful  rich  red  colour 
called  crimfon  is  taken  is  of  the  order  hemiptera,  named 
by  Linnoeus,  coccus  cacti.  According  to  BerthoUet,  it  is 
fometimes  oviparous,  and  at  other  times  viviparous.  The 
male  only  lives  a  month,  which  it  ends  with  it's  amours, 
and  the  female  only  furvives  him  the  following  month, 
and  dies  after  parturition.  This  infe<9:  is  an  inhabitant  of 
AA  here  the  province  of  Mexico,  and  other  Spanifh  parts  of  South 
America,  where  it  is  bred  and  collefted  in  large  quanti- 
ties J  the  commerce  it  gives  rife  to  being  eftimated  at 
many  millions  of  Dollars  annually.  It's  food  is  the  leaf 
of  the  Indian  fig,  or  prickly  pear  tree,  the  ca6lu3  opuntia 
€)f  Linnaeus.     It  is  likewife  called  nopal. 

In  the  country  from  which  it  is  brought  it  is  guarded 
with  great  care  and  jealouf}',  to  prevent  foreigners  from 
tranfplanting  it  into  other  countries.  Several  attempts 
have,  however,  been  made  to  procure  it.  Thiery  of 
Menonville  had  the  courage  and  patriotifm  to  expofe 
himfelf  to  the  greateft  rilks,  by  going  to  Mexico  to  ob- 
ferve  the  education  of  this  infe6l ;  and  he  was  fo  fortu- 
nate as  to  convey  this  precious  production  into  the  ifland 
of  St.  Domingo ;  but  no  accounts  have  been  lately  re- 
ceived of  it's  profperity; 

When  the  females  are  fcattered  on  the  plant,  and  the 
young  are  obfervcd  to  proceed  from  them,  they  begin 
their  culture.  They  are  afterwards  killed  by  boiling  wa- 
ter, and  dried  with  great  care  in  the  fun,  by  which  exfic- 
cation  they  lofe  nearly  |  of  their  weight. 

According  to  Spallanzani,  in  his  travels  through  the 
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Two  Sicilies,  this  infeft  might  be  advantageoufly  tranf- 
planted  to  the  Lipari  iflands  and  Sicily,  where  the  plant 
they  feed  upon  grows  with  more  luxuriancy  than  in  South 
America. 

From  the  external  appearance  of  cochineal,  and  from 
the  fecrecy  with  which  it's  nature  was  preferved,  it  was 
for  a  long  time  fuppofed  to  be  the  entire  fruit  or  berry  of 
the  tree,  that  had  been  wrinkled  and  ihrivelled  by  the  dry- 
ing, and  when  the  fruit  or  pear  was  known,  it  was  then 
fuppofed  to  be  the  feeds  of  it.  It  is  a  fmall,  irregular, 
roundifti  body,  and  internally  of  a  red  colour.  Acofta 
was  one  of  the  firft  eye  witneflTes  of  it's  being  an  inieS. ; 
and  Sir  Hans  Sloane,  Plumier,  and  all  the  later  travellers 
into  America,  confirm  his  account  of  it. 

The  dried  cochineal  is  forted  into  two  kinds,  viz.  into  It'svarieti*s 
the  large  entire  grains,  called  by  the  Spaniards,  granoy  and  merce.* 
into  fmall  or  broken  ones,  which  they  call  granilla.  In 
trade,  four  forts  are  'diftinguiihed :  mefteque,  campef- 
chane,  tetroefchale,  and  fylvefter,  of  which  the  firft  is 
accounted  the  befl,  and  called  granajina,  and  the  laft  the 
worft,  called  by  the  Spaniards,  granafyhejlra.  The  three 
former  are  named  from  the  places  in  which  they  are  pro- 
duced; the  latter,  from  it's  being  found  wild,  without 
any  culture. 

According  to  Neuman,  thofc  forts  of  opuntia,  the  fruit 
of  which  is  of  thedeepeft  red  colour,  are  obferved  to  pro- 
duce the  fineft  cochineal  j  but  although  the  colour  of  the 
fruit  of  this  plant  is  red,  we  are  informed  by  Thiery,  that  the 
juice  which  this  infe6l  feeds  upon  is  greenifh,  and  that  it 
will  live  and  perpetuate  it's  fpecies  on  thofe  kinds  of 
opuntia  of  which  the  fruit  is  not  red. 

The  large  or  granafina  is  not  covered  with  a  cottony 
down  like  the  other,  which  down  being  ufelefs  in  dying, 
equal  parts  afford  more  colour,  and  it  is  of  a  fuperior 
price  to  that  <^{  fylvejlra\  but,  perhaps,  thefe  advantages 
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arc  oppofcd  by  ii's  more  cxpcnfive  education,  and  by 
it's  having  no  down,  which  caufcs  it  not  to  refill  the  rain 
and  itornis  lb  well  as  the  other. 

The  grana^/'y<'//r.'7,  railed  from  the  nopal,  lofas  in  part 
the  tenacity  and  quantity  of  it's  cotton,  and  beconies 
double  the  fize  to  what  it  does  on  the  other  fpecies  of 
ppimtia.  It  is  therefore  to  be  hoped,  that  by  a  continued 
/yflem  of  education,  it  will  become  more  perfetSl,  and 
.approach  by  degrees  the  grana_/f/v^. 

Properties  The  fine,  or  bed  cochineal,  when  well  driud  and  prc- 
■  ferved,  is  fomewhat  heavy^  moderately  compatSl,  clean, 
and  of  a  glolfy  furfacc,  of  a  gray  colour,  tending  to  a  pur- 
ple. Ihe  gray  colour  is  owing  to  a  powder  which  covers 
it  naturally,  and  a  part  of  which  ftill  remains ;  the  pur- 
:"  plefl)a.de  isoxving  to  the  colour  tlie  water  has  extrat^ed 
on  deftroying  them.  When  chewed  it  tinges  the  fpiltle 
of  a  deep  brOwni  111  red  colour  called  crimfon,and  .im- 
preiles  on  the  organs  of  tafte  a  "kind  of  faint  and  not 
vcrv  agreeable  favour.  When  thoroughly  dl"y,  it  has  no 
fmell ;  vyhen  mqift,  it  is  fomewhat  nui(iy. 
.  ,  7  bis  infeft  may  be  prefervtd  along  time  in  a  dry  place. 
Hellot  fays,  that  he  t^ied  cochineal  130  years  old,  which 
was  as, good  as  new. 

Experi-  Q^  comnarino-  tlie  fylveflra  cochineal  of  Mexico,  and 

racnts  of  1  s  .' 

Bcnhoikt.  fonic  fpnt  from  St.  Domingo  by  Brulcy,  with  the  mtf- 
tcque,  ,Bcrthollet  found  that  the  dccodion  of  the  fylvellra 
lias  the  fame  fliadc  as  that  from  St.  Domingo;  that  this 
iliade  tends  more  to  the  crimfon  than  that  of  the  mef- 
tcquc;  but  the  precipitates  obtained  either  by  folution  of 
°  tin  or  by  alum,  arc  exaftly  of  the  fame  colour  as  that  of 
the  nielteque;  and  it  is  thei'e  precipitates,  that,  by  com^ 
bining  with  the  fluffs,  give  them  their  colour. 

In  order  to  determine  the  proportion  of  colouring 
niatter  the  dx>cb«ilions  uf  the  ditferent  cochineals  con- 
tained, this  chemift  made  ufe  of  the  oxygenated  muriatic 
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acid.  He  boiled  an  equal  weight  of  eaclT -of  tire  three 
cochineals  for  one  hour;  he  poured  each  of  the  dv;coc- 
ious, "When,  filtered,  into  feparate  graduated  .glafs  .cylin- 
ders, rand  thcQ,  added,  oxyget^ated  niuriatic  acid  to  them 
until  the_  three. were  broug.bt:  to'  the  fame  yellow!  buc,  and 
the  quai:ttitie3  of  dcid  that,  indicated  the  propprtion^  of 
the  eplou^ringmatter  were  found  exa^lb);  a3  fc?llio\vs,  viz. 
eight. foF  jth.e  cochineal  of  .St^Poniingo  ;  eleven  for  the 
fylvellr^  of  copimei-cej-,£^i3id)-€igb.te,en,  for  the  nicifteque,  . 
..  Hence  the  qochineal  x^;  St>  Pomingo  i$> .not  only  ■very' 
inferior  to  the  meftequcj  b|Uj;,:pycn  to.the  fylveftra  of  Mex- 
ico, and  in  reality  it  is  much;  more  downy  and  fniallcr; 
but  the  obfervations  of  Thiery  have  proved,  that  the  fyl- 
veftra,  by  a  fucceflion  of  generations,  if  carefully  attend- 
ed to,  lofes  par.t  of  it's  dow  n,  and  becomes  much  larger ; 
hence  it  is  to  be  hoped,  that  the  cochineal  of  St.  I3o- 
mingo  may,  by  care,  be  brought  to  the  Hate  of  perfec- 
tion of  thelNIexican,  and  perhaps,  to  furpafs  it. 

Water,  by  decoftion^  extracts  fome  of  the  colouring 
matter  of  cochineal  3  and  the  colour,  according  to  Ber- 
thoUet,  is  of  a  crlmfon,  inclining  ro -a- violet.  '  Water, 
however,  daes  not  extract  aU>  and  the  rcmai'ning. colour- 
ing matter,  Dr.  Bancroft  found  to  be  cxiracied  (which  is 
about  i  of  the  whole)  by  the  addition  of  fad  a'  to  the  refi- 
duum,.and  a.frefli  fnpply.  of  boiling  water.  .  .If  thi*  be 
evaporated,  and  the  extraft  digefted  in  alcohol,  the  co- 
louring parts  are  dilTolved,  and  afford  a  xefiduum  that 
only  retains  the  colour  of -wine  lees,  of  which  a  new 
addition  of  .alcohol  cannot.deprive  it.  This  part,  on 
analyfis  by  fire,  afturds  the  fame  produ6ls  as  othci'  animal 
fubftances.  -  r  '  ,1 

The  alcohol  of  cochineal,  on  being  evaporatad,  leaves 
a  tranfparent  reliduum  of  a  deep  red  ^coloui*,  which,  when 
dried,  has  the  app^earance  of  a-rchn.  It  gives  li'kewifc 
on  diftillatlon,  the  products  of  animal  fubltanccs,  a  con-- 
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vinclng  proof  that  this  colouring  matter  is  an  animal 
-pxodu6llon. 

The  deco6>ion  of  cochineal  enters,  with  difficulty,  in- 
to putrefaAion  ;  and  on  preferving  it  more  than  two 
months,  both  expofed  to  the  air,  and  in  a  clofed  bottle, 
the  firft  prefented  no  fymptom  of  putrefaftion ;  the  fe« 
cond  had  a  (light  putrid  odour.  The  firft  became  turbid 
almoft  at  the  beginning,  and  left  a  brown  violet  fediment 
on  the  filter  J  the  fecond  preferved  it's  tranfparency  a 
Jong  time,  and,  perhaps,  only  loft  it  from  the  eflfeft  of  the 
incipient  putrefaftion,  or  rather,  according  to  Berthollet, 
from  a  flight  combuftion  that  was  occafioncd  by  a  little 
oxygen  that  had  probably  united  to  the  red  particles  of 
the  cochineal.  The  colour  of  both  had  become  crimfon, 
the  firft,  however,  was  weaker  from  the^- greater  part  of 
the  colouring  particles  being  precipitated  in  confequence 
of  certain  effe^ls  produced  by  the  air. 

Berthollet,  on  trving  the  different  effe^is  which  a  va- 
riety of  chemical  accents  had  upon  the  colouring  matter 
as  it  exifted  in  the  decoction,  found,  that  the  fulphuric 
acid  in  fniall  quantity  gave  this  liquor  a  red  colour  tend* 
ing  to  a  yellow,  and  a  beautiful  red  precipitate  fell  to  the 
bottom. 

The  fulphat  of  foda  produced  no  evident  change. 

The  fulphat  of  iron  formed  a  brown  violet  precipitate, 
snd  the  liquor  remained  clear,  with  a  tinge  of  dead  leaf 
(^feui/Ie  mo'^tc.) 

The  fulphat  of  zinc  produced  a  deep  violet  precipitate, 
I     and  the  liquor  remained  clear  and  colourlefs. 

The  fulphat  of  copper  produced  a  violet  depofit,  that 
was  very  flowlv  formed,  and  the  liquor  rernained  clear, 
and  of  a  violet  colour. 

The  muriatic  acid  produced  nearly  the  fame  change  as 
the  fulphuric ;  but  without  any  precipitation. 
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A  folution  of  muriat  of  foda  gave  a  deep  rofe  coloured 
precipitate  without  rendering  the  liquor  turbid. 

Muriat  of  ammoniac  produced  a  fhade  of  purple, 
without  any  precipitation. 

The  acetite  of  lead  produced  a  purple  violet  coloured 
precipitate,  but  lefs  deep  than  the  fulphat  of  zinc  j  the 
]iquor  remained  limpid. 

A  folution  of  tartar  changed  the  liquor  to  a  yellowiih 
red,  and  a  fmall  precipitation  took  place  of  a  pale  red 
colour,  whilft  the  fupernatant  liquor  remained  yellow. 
On  pouring  a  little  alkali  into  it,  it  became  purple.  The 
alkali  rapidly  diflblved  the  fmall  quantity  of  precipitate, 
and  the  folatioa  was  purple.  A  folution  of  tin  formed 
with  the  yellow  liquor  a  rofe  coloured  precipitate. 

Having  boiled  a  little  cochineal  with  half  it's  weight 
of  tartar,  the  liquor  became  more  red,  and  had  a  much 
lefs  deep  colour  than  an  equal  quantity  of  cochineal  with- 
out tartar ;  but  the  firft  gave,  with  a  folution  of  tin,  a 
more  abundant  precipitate,  more  of  a  rofe  colour,  hence 
tartar  favours  the  folution  of  the  colouring  parts  of  the 
cochineal;  and  although  the  colour  of  the  folution  be 
lefs  deep,  the  precipitate  produced  from  it  by  the  folu- 
tion of  tin  has  a  deeper  and  more  rofy  hue.  This  experi- 
ment, Berthollet  thinks,  deferves  fome  attention,  in  order 
to  judge  of  the  influence  of  the  tartar  in  the  procefs  of 
dying  fcarlet. 

A  folution  of  tartar  being  poured  to  the  liquor  of  de- 
co6lion,  and  afterwards  a  folution  of  tin,  a  depoiit  was 
more  readily  formed  than  by  tin  alone^  which  was  of  a 
rofe  colour  tending  to  a  lilac,  and  although  an  excefs  of 
the  folution  of  tin  was  added,  the  liquor  remained  fome- 
what  yellow. 

A  folution  of  alum  brightened  the  colour  of  an  infu- 
lion  of  cochineal,  and  gave  it  a  redder  hue,  a  crimfon 
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precipitiition  took  phice,   and  the  liquor  retuincd  rather  a 
reJdiih  criinfo!!  colour. 

A  n)ixtLirt  of  alum  and  tartar  produced  a  brig;hter  co- 
lour, more  lively,  and  tending  to  aycllowifli  red  ;  a  pre- 
cipitation- toftk  place,  but  much  Icfs  in  qiiantitv,  and 
much  more  pale  than  in  the  prccedin<T  experiment. 

A  folution  of  tin  formed  a  large  depofit  of  a  bcautifitl 
red  colour.;  the  liquor  was  clear  as  water,  and  no  change 
of  cplour  took  place  on  the  addition  of  an  alkali,  '■ 

Doit  ^""  ^^^   ^  more  cxfcenfive  inveftigation  of  the  colourino; 

matter  of  cochineal,  and  the  various  colours  produceil; 
upon  it  by  diflercnt  agents,  we  are  indebted  to  the  labours 
and  invefti8;.ition  of  Dr.  JBancroft.  He  has  particu- 
larly paid  attention  to  the  method  of  producing,  with  this 
colouring  matter  of  cochineal,  which  is  naturally  a  crim- 
fon,  that  mod  beautiful  and  fplendid  of  all  others,  the 
fcarlet  colour,  the  richefl  of  anv'that  the  art  of  dying,  has 
beexiab)e  to  produce.  Tlie  fliades  of  this  fcarlet  colour 
arc  known  to  be  various,  froiii  a  more  or  lefs  deep  red,  to 
a  more  or  lefs  vivid  lire  coloured  fcarlt-t ;  but  as  the  com- 
nion^.operations  were  infatficicpt  to  producre  thofe  (hades, 
othet  ejiperiments  vlciv  necelTarv,  which  appear  to  have 
been  made  with  groat  accuracy. . 
Difcovciy  V  J^  is,. moft  probable,. for  manv  years,  that  cochineal  was, 
tija.de  ,ufc,  Qf^'in-.Eur()pe  as  a  dye,  the  aluminous  bafiS' 
was  the  only  mordant  employed  for  this  pu.rpofe.  An 
opportunity,  however,  accidentally  occurring  to  Kepfler.  a 
(jerman  chemifc,  of  feeing  the  wonderful  eflecls  of  a  fo- 
lution of  tin  by  the  nitrouij  acid  in  cxaltipg  the  coloiu-  o» 
this  fubftance,  the  difcovcry  of  the  cochineal  fcallet  was 
the  confequencc.  Kepfler,  or  as  he  is  fometimes  called, 
Kufter,  brought  his  fecret  to  Loiidon,  in  1^4^;  fuch  is 
the  account  which  Kunckel  gives  of;  the  difcovci-y  of  his 
countrvniau. 
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.  It  has  been  generally  fuppofed  by  writers  on  this  fab- 
jec^,  that  after  the  efiecl  of  thi  upon  the  cochineal  colour 
had  been  difcovered,  nothing  was  wanting  to  produce 
fcarlet  than  to  apply  the  colour  fo  produced,  as  a  dye  to 
wool  ;  or  in  other  words,  that  a  nitric  or  nitro-muriatic 
folution  of  tin  was  fufficient  to,,chan!2;e  the  natural  crlm- 
fon  of  cochineal  t ;  a  icarlet.  This,  however,  Dr.  Ban- 
proft  ellecms  as  an  erroneous  opinion,  for  this  folution 
only  produces  a  crinilon  or  rofc  colour,  and  not  a  fcarlet, 
unlefs  other  means  be  Lmploycd  to  incline  the  cochineal 
colour,  as  far  as  mav  Ije  ncceifary,  toward  a  yellow  hucj 
and  the  means  of  doing  tliis  fcem  to  have  bceji  ftumblcd 
upon  without  any  knowledge  of  their  real  efleft.  Tartar 
was,  and  is  the  ufual  mordant  for  the  dving  of  woollea 
cloths,  as  it  gives  the  cochineal  the  yellowifh  tendency 
neceffary  to  produce  a  fcarlet.  This  chemift  found,  on  in- 
quiry,  that'  fcarlet  was  a  comijOLUid   colour,  confifting 

'        ^  '  ^  A  roni- 

prohably  of  -]■  of  a  mod  lively  pure  cvimfon  or  rofc  co-  pound  co- 
lour, and  ^  of  a  pure  bright  yellow.     Now  the  great  de-7  oiminand 
fideratum   was,  to  find  out  a  yellow  from  other  drugs,  ^'"'"^^" 
equivalent  to  the  converfion  of  ~  ot  the  cochineal  coloar- 
ino;  matter  from  it's  natural  crimfon  to   t'le  vello^v  co- 
lour.     The  muriatic  folution  of  tin  appeared  the  befi:  as 
a  mordant,  as  it  fixed  and  reflee^ed  the  pure  crimfon  or 
rofe  colour  of  the  cochineal  unchanged  and  with  the  ut- 
moll  briffhtnefs.     Alum,    thouoh   it  fixes  it's  colouring 
particles  more  durably,  degraded  or  <iltered   the  natural 
colour  of  the  cochineal  folution,  as  well  as  folutions  of  all 
the   earths  and  metals,  tin  excepted.  To  produce  a  fcar- 
let, therefore,  it  was  only  neceffary  to  fuperadd  and  inti-. 
niatcly  combine  with  this  crimfon  or  rofe  colour,  a  fuita-. 
ble  portion  of  a  lively  golden   yellow,  capable   of  being 
properly  tixed  and  rcfiecled  by  the  bafis.     Such  a  yellow 
Dr.  Bancroft  found  in  the  quercitron  bark  (quercus  ni-  Pro<?iirofi 
graLin.)  and  in  young  fuftic  (rhus  cotinus  Lin.)  although  iror.'ba.'k," 
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and  nxttrio-  {he lad  is  much  lefs  bright  and  Id's  durable.  The  querci- 
iuiutiwiW  tron  bark  is  not  onlv  the  brightcll  but  the  cheapeft  of  all 
**  yellows ;  for  according  to  this  ohemift,   1   pound  of  the 

powdered  hark,  which  only  coft  three  pence  farthing,  with 
a  fufficient  quantity  of  rnuriat  of  tin,  dyed  between  30  and 
40  pounds  of  woollen  cloth  of  a  full  bright  golden  yellow, 
and  this  being  afterwards  dyed  in  the  fame  liquor  with  I 
lefs  of  cochineal  than  what  is  ufually  employed,  acquired 
a  fcarlet  equal  in  beauty  and  durability  to  any  that  is  ufu- 
ally  given  by  ordinary  means  with  a  full  proportion  of 
Cochineal.  He  found  that  three  pounds  of  muriatic  acid, 
which  only  coft  one  fliilling,  might  be  made  to  diflblve  a 
pound  of  tin,  that  would  require  eight  pounds  of  (ingle 
aqua  forlis  to  diflblve;  and  that  the  muriatic  hadlikewife 
this  advantage,  that  a  folution  made  by  it  was  as  tranfpa- 
feut  and  colourlefs  as  the  pureft  water,  and  capable  of 
being  preferved  for  many  years  without  the  leaft  altera- 
tion, whiift  the  nitro-muriatic  folution  of  tin,  or  fpirit  of 
the  dyers,  becomes  turbid  and  gelatinous  very  fpecdily, 
and  even  in  a  few  days  if  the  weather  be  warm  ;  it  may 
alfo  be  added,  that  the  muriatic  folution  feems  to  exalt  the 
colour  both  of  the  quercitron  bark  and  of  the  cochineaf 
more  than  any  othyr.  He  likewife  favec!  all  the  tartar 
employed  in  the  old  procefs,  and  extra6led,  by  potafli,  a 
part  of  the  colouring  matter  of  the  cochineal,  fuppofed  to 
have  been  before  always  loft,  and  obtained  by  means  of 
the  bark,  as  much  yellow  as  was  required  for  the  compo- 
fition  of  this  colour  with  the  cochineal  crimfon,  inftead  of 
converting  any  part  of  this  laft  more  coftly  colour  into  a 
yellow.  He  found,  however,  that  the  muriat  of  tin  pof- 
/clled  a  very  corrofive  property  ;  hence  he  ufed  the  nitrat 
of  tin,  which  he  found,  contrary  .to  his  expeftation, 
(when  unmixed  with  tartar)  only  to  produce  a  crimfon, 
but  that  if  tartar  was  employed  either  with  the  muriatic 
or  nitric  (oluiious  of  the  metal,  a  fcarlet  colour  was  the 
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.  gonicquence.     The  contrary  to  this  was  the  general  opi- 
nion; for  according  to  Berthollet,  tartar  gives  x  deeper  and 
more  rofy  hue  to  the  colouring  matter  of  the  cochineai, 
precipitated  by  the  folution  of  tin,  and  it  moderates  the 
adlion  6f  the  nitro-muriatic  acid,  which  tends  to  give         » 
fcarlet  an  orange  caft.     After  various  experiments,  there- 
fore. Dr.  Bancroft  found,  that  the  beft  was  a  folution  of 
about  fourteen  ounces  of  tin  in  a  mixture  of  2  pounds  of 
oil  of  vitriol  with  three  pounds  of  muriatic  acid.    The 
muriatic  acid  Ls  to  be  firft  poured  upon  a  large  quantity 
of  granulated  tin,  in  a  large  glafs  receiver,  and  the  oil 
of  vitriol  afterwards    added    flowly ;  thefe  acids  being 
mixed  are  left  to  faturate  with  the  tin;  this  folution  is 
more  rapidly  promoted  bv  a  fand  heat.     This  murio-ful- 
phuric  folution  of  tin  is  perfe6liy  tranfparent  and  colour- 
lefs,  and  remains  fo  many  years ;  it  produces  full  twice 
as  much  effeft  as  the  dyers  fpirit  or  nitro-muriatic  folu- 
tion of  tin,  with  lefs  than  |  of  the  cxpcnfe.     It  raifes 
the  colour  more  than  the  dyers  fpirit,  and  full  as  much  as 
the  tartrite  of  tin,  without  changing  the  natural  crimfon 
of  the  cochineal  towards  the  yellowifh  hue,  and  is  the 
beft  mordant  or  bads  for  producing  a  compcmiid  fcarkt, 
with  the    cochineal,    crimfon,   and  quercitron   yellow, 
in  which  operation  i  of  the  cochineal  may  be  faved. 
To  this  it  may  be  added,   that  by  ufing  the  quercitron 
bark,  not  only  J  of  the  cochineal  is  faved,  but  the  fcarlet 
compofed  of  thefe  two  may  be  dyed  upon  woollen  and 
linen  yarn  without  any  danger  of  it's  being  changed  to 
a  rofe  or  crimfon  by  the  procefs  of  fulling,  as  always  liap- 
pens  to  fcarlet  dyed  by  the  ordinary  means,  and  if  it  be 
compared  with  the  common  fcarlet  by  candle  light,   i; 
appears  at  leaft  to  be  feveral  fliades  higher  and  fuller,  and 
is  not  to  be  fpotted  or  changed  by  chemical  agents,  fuch 
a?  calcareous  earth,  foap,  alkaline  falts,  8cc. 
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The  pro-  Xhe  procefs  Is  to  put  the  clotli  to  be  dyed  fcarlct  into 

a  proper  tin  vcflTel  nearly  filkd  with  water,  with  which 
about  eight  poimds  of  nuirio-fulphuric  fohition  of  tin 
have  been  previoufly  mixed;  the  liquor  is  then  boiled, 
turning  the  cloth  through  it  as  ufiial  for  4  of  an  hour, 
the  cloth  being  then  taken  out,  four  pounds  of  cochineal 
and  two  pounds  and  a  half  of  qncrcitron  bark,  are  to  be 
added  in  powder;  having  mixed  them  well,  the  cloih  is  to 
be  returned  iaio  the  liquor,  the  boiling  and  operation 
continued  until  the  colour  is  duly  raifed,  and  the  dying 
liquor  exhauftiAl,  which  is  in  about  fifteen  or  twenty  mi- 
nutes; the  cloth  is  then  taken  out  and  rinfed  as  ufual. 
By  this  method  thetime,  labour,  and  fuel  neceflary  for  a 
fecond  procefs  will  be  faved,  the  operation  finifhed  more 
fpcedily,  and  a  faving  of  all  the  tartar,  |  of  the  cofi:  of 
fpirit  or  nitro-muriatic  folution  of  tin,  and  |  of  the  co-. 
chineal  ufually  employed,  and  the  colour  is  not  inferior 
to  that  dvcd  in  the  ordinary  w^ay  ;  and  as  to  the  fcarlet, 
every  poffible  fliade  between  the  crimfon  and  the  veliow 
colours  may  be  produced  by  only  increaling  or  diminifli- 
ing  the  proportion  of  bark.  If  a  crimfon  or  rofe  co- 
lour is  wanted  the  bark  is  omitted. 

mcu;«L?.i;d      it  remams  to  give  an  account  or  the  experiments  Dr. 

eaiihybaics  Bancroft  made  to  difcovcr  the  efie6ts  which  metallic  and 

on  the  co- 
louring;       earthy  bafes  have  upon  the  colouring  matter  of  cochineal. 

cochineal.         !•  Effe6ls  of  metallic  bales  upon  woollen  cloths  with 

the  colouring  matter. 

The  nitro-muriat  of  platlna  produced  with  cochineal, 

i  a  red,  which  by  the  addition  of  chalk,  became  a  chefnut 

colour. 

.  Cochineal  with  nitro-muriat  of  gold,  a  reddiflTbrown.' 

With  nitrat  of  filvcr,  a  dull   red,  and  with   muriat  of 

fdver,  a  lively  rcddifh  orange. 

All  the  preparations  of  copper  appear  to  fadden  and 

dcbafe  the  colouring  matter;  and  thofe  of  niercurv,  in  a 
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much  greater  degree,  and  they  appear  likewlfc  to  annihi- 
late a  confiderable  part  of  the  colour  as  well  as  debafe  it. 

With  the  acetite  of  lead,  a  purple  colour,  inclining  to 
the  violet,  is  produced.  With  nitrat  of  lead,  a  delicate 
lively  colour,  between  red  and  cinnamon,  bat  more  in- 
clining to  the  former.  A  little  niurio-fulphat  of  tin 
added  to  the  la(l,  changed  it  to  a  good  crimfon. 

With  either  the  fulphat,  nitrat,  mr.riat,  or  acetite  of 
iron,  a  dark  violet,  and  even  a  full  black  colour  is  pro- 
duced, when  the  cochineal  is  in  fulHcient  quantity. 

The  oxyd  of  tin  (formed  by  means  of  aqua  fortis)  with 
an  equal  quantity  of  cochineal, ^gave,  on  boiling,  a  full 
equal  crimfon,  fomcv^hat  deficient  in  brightnefs.  Tartar 
or  lemon  juice  being  added,  a  good  fcarlet  was  produced. 
By  fubftituting  caullic  volatile  alkali  for  thefe  two  laft, 
there  arofe  a  ciimfon  colour,  greatly  inclining  to  a  purple. 
Hence  Dr.  Bancroft  is  of  opinion,  that  the  oxvd  of  tin 
does  not  a»Slin.all  cafes,  ?nereh  as  fucl:^  but  it's  efle6t9 
often  depend  on  triple,  quadruple  and  fometimcs  even 
more  complex  combinations,  in  'which  diflbrent  faline 
and  other  parts  of  the  compound  remain  permanently 
united,  at  lead  where  the  fliades  of  colour  depending  on 
them  are  found  permanent.  Hence  fca  fall,  and  other 
purely  faline  matters,  having  no  carthv  or  metallic  bafis, 
cannot  become  the  bafis  of  any  adjective  colour,  but  pro- 
duce hifihig  eiTccls  in  modifying  and  varvinj;  the  com- 
plexions of  different  colours.  It  mull,  however,  be  ob- 
ferved,  that  this  oxvd,  although  after  being  well  wafhcd 
and  dried,  it  v.as  capable  of  dying  a  crimfon  on  woollens 
with  cochineal,  anJ  a  fcarlet,  where  either  tartar,  lemon 
j-uice,  or  quercitron  bark  were  added,  would  not  pcrnia- 
nenlly  combine  with,  or  become  the  bafis  of  thefe  colours 
upon  cotton;  and  on  woollen  it  was  only  the  finer  parti- 
des  of  the  cbIx  (hat  really  com!)incd  with  the  colouriinr 
jtjatter  and  ilic  wuo!,  tbi  tiroffcr  being  alv/avs  diilincUy" 
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found  at  the  bottom  of  the  veffel ;  it  is  likevvifeneceflary 
that  the  oxyd  and  the  colouring  matter  fliould  be  prcvi- 
oufly  mixed  together,  and  exeit  their  mutual  attraftions 
upon  each  other  before  they  can  be  properly  taken  up  by 
the  cloth. 

Cochineal  with  nitrat  of  tin  produced  a  fine  crimfon, 
and  when  the  cloth  was  boiled  in  the  fame  with  tartar,  it 
v/as  changed  to  a  good  fcarlet.  Tin  diflblved  immedi- 
ately in  a  mixture  of  aqua  fortis  and  tartar  produced  a 
fcarlet  much  more  and  highly  beautiful.  Refined  fugar 
or  alcohol  added  in  the  formation  of  nitrat  of  tin  render- 
ed the  folutlon  unfit  to  combine  with  the  fibres  of  the 
cloth,  or  ferve  as  a  mordant. 

With  a  folution  of  tin  by  muriatic  acid,  it  dyed  a 
beautiful  crimfon,  and  with  a  folution  of  that  metal,  by 
a  mixture  of  tartar  and  muriatic  acid,  a  beautiful  fcarlet. 
The  acid  of  tar  added  with  the  muriatic  folution,  pro- 
duced a  dark  crimfon ;  and  with  tin  and  a  little  manga- 
nefe  in  the  muriatic  acid,  a  very  bluifh  crimfon.  Borax 
with  the  muriatic  folution  of  tin,  dyed  a  very  good 
crimfon. 

With  tin  calcined  by  the  long  continued  aftion  of 
fulphuric  acid,  it  dyed  a  falmon  colour;  and  with  a  re- 
qetit  folution,  a  reddifli  falmon  colour,  inclining  a  little 
to  the  crimfon.  The  fame  colour  was  produced  with 
tin  diflblwd  in  equal  parts  of  fulphuric  and  nitric  acids. 
Oil  of  vitriol  poured  on  tartar  and  granulated  tin  became 
black,  and  this  tartaro-fulphurie  folution  with  cochineal 
gave  an  aurora  colour. 

With  a  folution  of  tartrit  of  tin  a  very  beautiful  fcarlet 
was  produced,  inclluing  a  little  to  the  aurora.  A  fimilar 
colour  was  made  by  water  faturated  with  cream  of  tartar 
jn  which  granulated  tin  had  been  kept  fix  weeks. 

With  the  citrat  of  tin,  a  fcarlet  of  which  nothing  can 
exceed  the  beauty,  and  inclining  like  the  preceding,  a 
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little  to  the  aurora.  This  citric  acid  with  tin  is  found  to 
aft  at  leaft  as  efficacioufly  as  that  of  tartar,  in  yellowing 
the  cochineal  crimfon. 

With  acetite  of  tin,  a  fcarlet  inclining  a  little  to  the 
crimfon  ;  the  fokition  had  an  nnpleal'ant  {meil. 

With  tin  dilfolved  bv  acid  of  i-'.r,  a  colour  was  pro- 
duced between  the  fcarlet  and  crimfon  tliades. 

With  phofphat  of  tin,  an  aurora  colour. 

With  fluat  of  tin,  a  very  good  f-arlet. 

Cochineal,  with  nitrat  of  zinc,  produced  a  lively  ftrong 
lilac  colour. 

With  muriat  of  zinc,  a  colour  like  the  precedino-,  but 
inclining  a  little  more  to  the  purple.  Dr.  Bancroft  thinks 
that  probably  the  iron  -ufually  contained  in  zinc  may 
have  contributed  in  thefe  inftances  to  incline  the  cochi- 
neal crimfon  fo  much  to  the  blue  or  violet  Ihades,  lince 
a  purer  oxyd  of  zinc,  the  lapis  calaminarit;,  dilTolved  in 
muriatic  acid  gave  a  fcarlet  with  cochineal,  but  very  little 
inferior  to  that  commonly  produced  by  the  nitro-muriat 
of  tin  and  tartar,  and  upon  adding  a  little  murio-tartrit 
of  tin  to  the  dying  liquor,  a  very  beautiful  fcarlet  was  the 
confequence;  hence  the  pure  oxyd  of  zinc  appears  to  this 
chetnill  to  approach  neareft  to  that  of  tin,  in  exalting  the 
colouring  matter  of  cochineal. 

With  different  folutions  of  bifmuth,  various  fhades  of 
lilac  were  produced,  fome  of  which  were  very  lively  and 
delicate  ;  but  all  the  preparations  of  this  femimetal,  inllead 
of  difplaying  and  exalting  the  cochineal  colotir,  tended 
to  render  a  part  of  it  latent.  The  acetite  of  bifmuth  did 
this  lefs  than  mofl  of  them,  it  gave  a  pretty  good  pur- 
ple, and  the  raurio-fulphat  of  bifmuth  a  falnion  co- 
lour. 

With  nitrat  of  cobalt,  a  good  purple  was  produced. 

With  nitrat  of  nickel,  a  dark  lilac,  incliuing  to  the 
violet. 

VOL.  n.  T 
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With  fulphat  of  maiiganefe,  an  orange  colour,  wlih 
nltrat  of  nianganefe,  a  colour  refembling  the  madder 
red. 

With  a  folution  of  crude  antimony  in  nitric  acid  a 
fcarlet  was  j)roduccd,  very  nuich  like  that  with  lapis  ca- 
laminaris  in  the  muriatic  acid,  and  very  little  inferior  to 
the  bed  fcarlets  given  with  the  tin  bafis. 

With  the  acidulous  arfeniat  of  potalli,  or  Macqucr's 
arfcnical  neutral  fait,  a  lively  good  purple  colour  was  pro- 
duced. 

2.  Effe(5ls  of  feveral  kinds  of  earths  as  bafes  for  the 
cochineal  colouring  matter  upon  wool. 

Aluniine  well  waflied,  dried  and  finely  powdered,  ap- 
peared incapable  of  fixing  or  ferving  as  a  bafis  of  the  co- 
chineal colour,  hence  it  differs  materially  from  the  pow- 
dered calx  of  tin.  The  fame  pulverized  alumine,  hew- 
ever,  boiled  with  cream  of  tartar,  was  fo  far  diflblved  by 
the  acid  as  to  produce  a  good  crimfon,  though  not  much 
better  than  that  produced  with  the  fulphat  of  alumine  or 
common  alum.  This  alumine  difl!blved  bv  lemon  juice 
dyed  a  very  good  rich  full  .crimfon.  Diffolved  by  nitric 
acid,  a  good  red  colour,  inclining  to  crimfon.  Tn  mu- 
riatic acid,  a  crimfon  very  little  different  from  that  pro- 
duced with  common  alum. 

Lime-water  with  cochineal  dyed  a  purple,  which  took 
but  Howly,  and  required  long  boiling.  Sulphat  of  lime 
dyed  a  full  dark  red.  Nitrat  of  lime,  a  lively  red,  ap- 
proaching to  a  fcarlet.  Dr.  Bancroft  found  that  cloth 
boiled  in  water  with  nitrat  of  lime,  and  then  dyed  in 
clean  water  with  cochineal  and  tin,  diflblved  by  aqua 
fortis  and  tartar  mixed,  received  a  good  fcarlet.  Muriat 
of  lime  dyed  with  cochineal  a  purple.  Cloth  boiled  with 
chalk  arid  alum,  and  then  dyed  in  clean  w^ater  with  co- 
chineal, took  a  good  crimfon,  inclining  to  the  bluifh 
fhade. 
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Sulphat  of  barytc'S  not  being  foluble  in  water  could  not 
be  tried.  Muriat  of  barytes  dyed  a  good  livelv  purple 
with  the  cochineal,  and  nitrat  of  barytes  nearly  fimilar, 
but  inclinino;  a  little  more  to  the  crimfon. 

Magnolia  alone  did  not  ferve  as  a  mordant.  The  ful- 
phat  of  magnefia  (Epfom  fait)  dyed  with  cochineal  a 
lively  purple,  though  it  took  but  flowly,  and  required 
long  boiling.  Acetite  of  magnefia  gave  a  lilac  co- 
lour. 

Siliceous  earth  or  powdered  flints  with  pure  potafli,  and 
dilTolved  in  a  crucible  by  a  violent  heat,  appeared  at  firfl 
not  to  have  fufHcient  affinity  for  the  fibres  of  the  cloth 
and  the  colouring  matter,  but  on  adding  a  little  fulphu- 
ric  acid,  fo  as  to  deconipofe  and  neutralize  a  part  of  the 
alkali,  combined  with  the  filiceous  earth,  the  colour  took 
freely  and  rofe  to  ?Lfull  rich  pleafing  purple^  in  which  the 
red  or  crimfon  predominated  confidcrably,  and  this  co- 
lour proved  afterwards  fufficiently  durable. 

Hence  it  appears,  that  befides  the  metallic  oxyds  and 
folutions,  the  aluminous,  calcareous,  filiceous,  magnefian 
and  barytic  earths  are  capable  of  fixing  and  ferving  as 
bafes  of  the  cochineal  colouring  matter. 

3.  On  filk, 

Dr.  Bancroft  repeated  nearly  all  the  foregoing  experi-  Dying;  of 
ments  with  filk,  inftead  of  wool,  but  found  that  in  gene-  woji. 
ral  the  effects  were  lefs  advantageous.  Cochineal  in- 
deed, with  the  aluminous  bafis,  dyes  the  crimfon  colour 
as  well  and  as  durably  on  f^Jk  as  on  wool,  arid  the  modes 
of  producing  a  very  lafling  crimfon  by  thefc  means  are 
well  known.  The  oxyds  or  folutions  of  tin,  however, 
do  not  fix  and  refleft  the  cochineal  colour  on  filk  with 
the  fame  degree  of  fulnefs  and  lullre  as  upon  wool ;  pro- 
bably bccaufe  the  former  of  thefe  fubftances  has  lefs  at- 
tra6lion  than  the  latter  for  the  calx  of  tin  and  the  co- 
louring matter  of  cochineal  combined  together;  hence  it 
T  2 


^76  COLOURIXG    MATTEtl. 

has  been  found  impoflible  to  dye  a  good  lively  fcariet 
on  filk,  by  the  means  v.  hich  comnuinicatc  that  colour  to 
\Vool . 

This  cheniilt,  however,  has  given  the  following  method 
of  producing  a  fcariet  on  filk.  liie  lilk  is  to  be  foaked 
for  two  hours  in  the  murio-fulphuric  foliuion  of  tin  be- 
forementioned,  with  five  limes  it's  weight  of  water,  then 
taken  and  moderately  prefled,  then  partly  dricJ,  and  dyed 
as  ufual  in  a  bath  of  cochineal  and  quercitron  bark,  four 
of  the  lirfl:  to  three  of  the  fecond,  and  it-  will  receive  a. 
colour  verv  nearly  fcariet.  This  may  be  made  to  receive 
more  bodv  bv  a  farther  flight  immerfion  in  the  mordant, 
and  a  fecond  dying  in  the  bath  j.and  if  afterward  a  little 
of  the  red  colouring  matter  of  the  falllower  be  fupcr- 
aiUled  in  the  ufual  way,  a  good  fcariet  may  be  produced. 
By  omitting  the  bark  and  dying  the  filk  (prepared  as  be- 
fore) with  cochineal  onlv,  a  very  lively  rofe  colour  will 
be  produced,  and  this  may  be  yellowed  fo  as  nearl)-  to 
approach  the  fcariet,  by  a  large  addition  of  tartar  to  tho 
cochineal  in  the  dying  velfel. 

With  lime-water  as  a  m.ordant  cochineal  gave  to  fllk 
a  very  agreeable  purple  ;  with  muriat  of  barytcs,  a  lively 
tlelicale  lilac  colour ;  with  nuirio-fulphat  of  blfmuth,  a 
falmon  colour ;  with  nitrat  of  cobalt,  a  verv  lively  and 
beautiful  purple;  and  with  nearly  all  the  other  metallic 
and  earthy  bafes,  cochineal  produced  fimilar  but  paler 
colours  on  (ilk  than  on  wool. 
Goitun.  <!.  On  cotton.    It  appears  that  animal  cclouring  parts- 

have  much  greater  attraction  for  the  fibres  of  animal 
Ihiffs  than  for  thofe  of  the  vegetable  kingdom;  hence 
the  ftriall  atliuity  the  colouring  matter  of  the  cochineal 
has  for  cotton,  and  It  is  the  fame  xvith  the  other  animal 
colours.  It  is  ovv'ing  to  this  '-vcakcr  attraclion  that  the 
icarlet  dye  is  lo  nnich  lefs  permanent  on  cotton  than  on 
vvoul  j  that  the  iiili;  takes  it  more  fi-jwly,  auu  lliat  ills 
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much  paler  than  the  fccond;  and  it  is  alfo  from  this 
u'ant  of  fufficient  attraftion,  that  the  colourhio;  matter  of 
the  cochineal  is  found  to  a6l  moft  beneficially  on  cot- 
ton, when  the  bafis  has  been  fi Ji  applied Jcbaraidy. 

The  method  of  dyeing  cotton  fcarlet,  recommended  !)y 
Dr.  Bancroft,  is  to  foak  the  cotton  (previoufly  nioiltencd) 
for  half  an  hour  in  a  diluted  mnrio-fulphuric  folution  of 
tin,  as  propofed  for  iilk  ;  the  fuperfiuous  part  of  the  folu- 
tion is  to  be  wrung  out,  the  cotton  then  to  he  plunged  in 
water,  in  which  as  much  clean  potafli  has  been  diOolved 
as  will  neutralize  the  acid  ftill  adhering  to  the  cotton,  by 
which  the  oxyd  of  tin  will  be  fet  free,  and  more  copio  ifiy 
depofited  or  fixed  in  or  upon  the  fibres  of  the  cotton, 
which  being  ifterwards  rinfed  in  clean  water,  may  be 
dyed  with  cochineal  and  quercitron  hark,  about  four 
pounds  of  the  former  to  two  and  a  half  or  three  pounds  of 
the  latter.  By  this  means  a  full  bright  colour  may  be 
given  to  the  cotton,  which  will  bear  a  few  flight  wafh- 
ings  with  foap,  and  a  confiderablc  degree  of  expofure  to 
the  air. 

Cochineal  will  give  cotton,  previouily  impregnated 
with  the  aluminous  mordant,  a  very  beautiful  crimfon  co- 
lour, capable  of  bearing  feveral  wa/?]ings,  and  of  refifiing 
the  weather  for  fome  time,  though  not  long  enough  t» 
dcferve  being  called  a  fall  colour. 

This  chemift  found  that  a  flrong  decoction  of  cochi- 
neal, thickened  with  gum,  and  mixed  with  a  fuitable  pro- 
portion of  nitrat  of  alumine,  being  penciled  upon  cotton 
as  a  profubfiantivc  colour,  afforded  a  very  full  beautiful 
crimfon,  which  /food  fome  wafliings,  and  a  couiidcrable 
degree  of  expofure  to  the  weather. 

Several  o/the  different  folutions  of  tin  being  emplovcJ, 
inflead  of  the  nitrat  of  alumine,  produced  very  beautiful 
reds,  between  the  crimlon  and  fcarlet,  and  bv  a  fmalt 
proportion  of  quercitron   bark  they  were  made  fcarleu 
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Thefe  are  not  faft  colours,  but  arc  much  more  lafthig 
than  fome  of  the  fugitive  colours  too  often  made  ufe  of. 
Carmine,  Carmine  was  formerly  prepared  from  kermcs,  from 
which  it  lakes  it's  name ;  it  is  now  the  lake  obtained 
from  cochineal  by  means  of  alum  ;  a  certain  proportion 
of  autour  is  mixed  with  the  cochineal,  a  bark  brought 
from  the  Levant,  and  of  a  paler  colour  than  cinnamon  j 
fome  chorcan  is  likewife  generally  added,  which  is  a  ^•cl- 
lowifli  green  feed  of  an  unknown  plant,  growing  alib  ia 
the  Levant.  It  appears  to  Berthollct,  that  in  this  procefs 
thefe  two  fubftanccs  produce  with  the  alum  a  yellow  pre- 
cipitate, which  ferves  to  brighten  the  colour  of  the  co- 
chineal lake,  in  the  fame  manner  as  a  yellow  colouring 
matter  ferves  to  give  fcarltt  a  fine  colour. 


Kcimes.  S.    COCCUS  ILICIS  OR  KERMES. 

It's  ami-  This  appears  to  be  the  fpccies  of  coccus  that  was  ufcd. 

'^""^'  by  all  the  nations  of  antiquity,  and  profefTor  Tychfen 
even  conceives  that  it  it  was  known  to  Mofes  under  the 
name  of  tola.  It  was  then  employed  for  giving  the 
ground  to  clotlis  intended  to  be  dyed  with  the  rich  purple. 
It  was  know  nto  the  Gvccks  and  Romans  by  the  name  of 
coocum  fquarlatinum,  coccus  baphicus,  infeclorius,  gra- 
■num  tinftorium  ;  and  the  preference  was  given  to  that 
collefted  in  Galatia  and  Armenia.  It  therefore  appears 
to  have  been  one  of  the  moft  ancient  of  all  dying  drugs, 
and  that  which  produced  the  .colour  'tailed  coccus  by 
the  Romans,  and  originally  known  in  England  by  the 
name  of  fcarlet. 

jt'sctyiTT-.  With  refped  to  it's  etymology,  according  to  father 
Plumier,  it  arifcs  from  ihe  Arabic  word  kermcn  or  kcrmcz, 
which  llgnifieg  a  little  worm,  and  is  the  name  of  this  in-« 
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kd:.  From  it's  Latin  appellation  coccus  arofe  the  Spa- 
nifh  diminutive  coccinella^  cochineal,  and  from  it's  Ara- 
bic name  arofe  the  colour  cramoufi,  in  French  crimfon. 
In  the  middle  ages  it  was  called  vermiculum,  whence 
vermeil  and  vermilion,  although  now  applied  to  pulve- 
rized cinnabar.  Aftruc  derives  it  from  two  Celtic  words 
fignifying  oa^  and  acorn. 

The  kcrmes  is  an  infeft  found  in  fcveral  parts  of  Afia,  Whence 
in' the  Levant,  Spain,  France,  and  other  fouthern  coun- 
tries of  Europe.  It  is  now  chiefly  collccled  in  Languedoc, 
Spain  and  Portugal.  It  lives  on  a  fmall  fpccies  of  oak 
called  the  quercus  coccifera  by  Linneus,  or  the  holm  oak. 
The  female  having  no  wings,  fixes  herfelf  amongft  the 
leaves  of  this  tree,  where  the  male  comes  to  impregnate 
her.  Having  become  big,  (lie  gets  fluggifli  and  remains 
motionlefs,  brings  forth  and  dies.  In  the  pregnant  (late 
fhe  foon  lofes  the  form  of  an  infe6l,  and  appears  like  a 
fmall  roundifh  grain,  about  the  fize  of  a  pea,  of  a  reddifh 
brown  colour,  rcfembling  a  brown  red  cap,  in  which  are 
enclofcd  a  very  great  quantity  of  eggs  of  a  deeper  red  colour. 

From  the  form  of  this  infecl,  the  kermes  was  for  a  long 
time  taken  for  the  feed,  or  an  excrcfccnce  of  the  tree  on 
which  it  lived,  and  they  were  called  grains  of  kermes.  It 
appears  that  Pliny  was  of  this  opinion,  that  it  was  an 
excrefcence,  although  he  mentions  it  as  fpeedily  becom- 
ing a  worm ;  "  coccum  ilicis  celerrime  in  vermiculum  fe 
mutans."  The  Roman  natural  hiitorian,  indeed,  inaccu- 
rately defcribes  it's  colour  to  be  a  fpccies  of  rofe,  whereas 
in  fa6l  it  is  a  red,  approaching  nearly  to  that  of  florid  ar- 
terial blood. 

The  firfl  who  has  fpoken  of  this  infe6l  with  any  exac- 
titude is  Peter  de  Quinqueran,  bifliop  of  Senez,  in  a 
work  entitled,  dc  Laudibus  Provincis,  publilhed  in 
^1550.  It's  hiftory  may  be  likewife  feen  written  by  Nif- 
fole,  in  the  Memoirs  of  Acad,   des  Sciences  for  1714,  ^ 
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and  more  particularly  in  the  Mcmoircs  des  Infe(Sles  de 
Kcauiiuir,  torn.  iv. 

The  kcrmcs  is  fixed  to  the  bark  of  the  fhrub  by  a  cot- 
tony down,  the  prodnrtion  of  the  infcc-l.  Chaptal  has 
obfcrvcd  that  this  down,  as  well  as  that  afforded  by  all 
other  infers  of  this  genus,  poffeffes  feveral  charav5lers  of 
the  caoutchouc  or  Indian  rubber,  that  it  is  infoluble  in 
alcohol,  that  it  melts  at  a  boiling  heat,  and  that  it  burns 
on  the  coals  with  aflame.  According  to  the  manner  of 
collefting  this  infc6t,  we  are  informed  by  Beilhollct,  to 
whom  Chaptal  fent  the  account,  that  a  fingle  perfon  is 
able  to  gather  one  or  two  pounds  per  day.  They  begin 
to  colJe6l  towards  the  middle  of  tliC  month  of  Mav,  when 
the  infeft  has  attained  it's  ordinary  fizc,  and  the  harvcfl 
continues  to  tlie  middle  of  June,  and  fometimes  longer. 
They  are  generally  collected  by  women.  At  the  begin- 
nine,  from  the  juice  of  the  frcfli  kermes  weighing  heavier 
than  at  the  end  when  it  is  drier  and  light,  it  only  fells  for 
15  or  20  fous  per  jiound,  whilfl  when  the  harveft  is  nearly 
over  it  fetches  from  30  to  40.  Thofe  who  buy  it  are 
obliged  as  foon  as  poffible  to  prevent  the  hatching  of  the 
eggs.  In  order  therefore  to  deftroy  the  young,  they  ftecp 
the  kermes  for  10  or  12  hours  in  vinegar,  or  expofe  it  to 
the  vapours,  which  only  takes  up  half  an  hour ;  it  is 
then  dried  on  linen  cloths.  This  proccfs  gives  it  a  vi- 
nous red  colour. 
Tfspiopfr-  x\ccording  to  Lewis  and  Berlhollet,  frefh  kermes,  or 
iln;."'  ^'  ^^^  living  infc6t,  by  expreflion  affords  a  red  juice,  which 
N  has   rather  an  agreeable  odour,    and    a  fomewhat  bitter, 

rough,   and  pungent   tafle.     In  it's  dried  ftate,  it   im- 
parts the  fame  odour  and  flavour  to   watery  and   fpiri- 
I  tuous  liquors,  to  which  it  communicates  it's  deep  red 

colour.     The  extracts  obtained  from  thefe  tiniSlures  by 
inTpidatlon  retain  their  colour  and  lofc  verv  little  of  their 
i         favour,  but  the  aqueous  extraft  lofcs  all  it's  fmcll.     The 
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mordants  for  tbis  colouring  matter  of  kermes  are  alum 
and  tartar';  in  order  to  prepare  the  wool  for  the  kermes 
dve,  it  is  to  be  boiled  in-water  with  about  one  fifth  it's 
weio-ht  of  alum,  arid  half  as  much  tartar,  for  two  hours, 
and  then  left  in  the  fame  liquor  four  or  five  days,  when, 
bein*^  rinfed,  it.  is  dyed  in   the  ufual  way  with  about  12 
ounces  of  kermes  for  every  pound  of  wool'. '  Thcfe  fear- 
lets  were  c&Wed  grain  co/^z//  ,  from  the  tnfe^t' being  m'if-.^ 
taken  for  a  grain;  and  Venice  fcarlet,  from  being  princi- ' 
pally  manufa6lured  at  Venice.     Wo;  1  prepared  with   a 
nitro-muriatic  folution  of  tin  \^as  is  done  for  the  cochi- 
neal fcarlet)  and  dyed  with  kermes,  takes  a  kind  of  aurora 
or  reddifh  orange  colour. 

The  red  colour  that  kermes  commuricates  to  wool  has  Compared 

with  coctii- 

lefs  fplcndour  than  the  fcarlet  of  the  cochineal,  which  laft  "eai. 
has  been  generally  preferred  to  it,  fince  the  art  has  been 
known  of  ufing  the  folution  of  tin;  but  although  the  ker- 
mes red  or  fcarlet  is  lefs  vivid,  it  is  more  durable  than  that 
of  cochineal,  and  much  lefs  liable  to  be  changed  by  foap, 
acid,  mud,  &c.  hence  greafe  fpots  may  be  effaced  without 
changing  it.   The  fine  blood  reds  feen  at  this  time  on  old 
tapcftries,  in  different  parts  of  Europe,   as  for  inftance, 
thofe   at  Bruflels,  obfervcd  by  Hellot,  and  at  the  other 
manufa(Slories  of  Flanders,  were  all   dyed   from  kermes, 
with  the  aluminous  bafis,  on  woollen  y^rn,   and  they  are 
ftill  unfaded,  having  fcarcely  loft  any  of  their  livelinefs, 
although  many  of  them    have    flood   between    two  and 
three  hundred  y^ars.     From  the  folidity  of  this  dye,  it  is 
to  be  regretted  that  it  is  abandoned  by  the  dyers ;   fome, 

indeed,  mix  a  fmall  quantity  of  it  with  the  cochineal,  as 
it  gives  a  greater  body  to  the  colour;  but  it  diminifhes  it's 

bloom-. 

According  to  Berthollet,  the  colour  produced  by  half 

kermes  and    half  madder  is  called  fcarlet  -hr^alf  grain. 

This  mixture  affords  a  very  permanent  dye,  but  is  not 
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lively,  and  inclines  a  little  to  the  blood  red.  The  tur- 
bans manufactured  at  Orleans,  for  the  Levant,  are  faid  to 
be  dyed  in  this  manner,  although  a  little  Brafil  wood  is 
probably  added. 

Dyers  have  only  been  able  to  give  filk,  with  kermes,  a 
dull  reddifli  colour. 

According  to  Bancroft,  cotton  prepared  with  the  alu- 
minous mordant,  and  dyed  with  kermes,  exhibits  a 
fine  red,  inclining  to  the  crimfon  fliade;  but  this  will 
gradually  though  flowly  difcharge,  and  the  colour  be 
weakened  inwa(hing.  This  chemift  is  in  hopes  of  fuc- 
ceeding  in  fixing  the  colour  of  kermes  more  perma- 
nently on  cotton. 


Lac.  3.    COCCUS    LACCA. 

Gum  lac,  as  it  is  improperly  called,  is  a  fpecics 
of  wax  which  forms  the  cells  of  a  certain  infe<!*t  called 
coccus  lacca  by  Linnaeus,  and  the  beautiful  red  colour  is 
owing  to  the  infe£t ;  if,  however,  the  infe£l  has  left  if, 
which  it  does  by  piercing  a  hole  at  the  top  of  the  cell, 
the  lac  is  no  longer  of  that  red  colour,  is  of  no  ufe  in 
dying,   and  is  only  employed  for  varnifhes.     The  infc6l 

Whence         ,  '  .  .  .... 

brought.  is  an  inhabitant  of  the  Eaft  Indies,  inhabiting,  according 
to  Ker,  the  uncultivated  mountains  on  both  fides  of  the 
Gancres,  where  it  is  produced  in  fuch  abundance,  that 
was  the  confumption  ten  times  greater  than  it  is,  the 
markets  might  be  well  fupplied  by  this  minute  infect. 
The  price  at  Dacca  is  about  twelve  (hillings  the  hundred 
pound,  although  it  is  brought  from  the  diflant  country  of 
AlTam. 

This  author  informs  us,  that  this  infe6l,  in  the  country 
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where  he  was,  is  found  on  four  fpecles  of  flirubs, 
viz.  on  the  ficus  rehgiofa  Lui.  the  ficus  indica  Lin. 
the  plafo  Ilortus  Malabaraci,  and  the  rhammus  jujcba 
Lin. 

Theinfe6ls  of  this  fpecies  fix  themfdvcs  infuch  multi- 
tudes on  the  branches  of  thefe  trees,  and  more  efpecially 
on  the  three  firft,  that  the  extreme  branches  appear  as  if 
they  were  covered  with  a  red  duft  that  dcilroys  both  trees 
and  fruit.  Birds  perching  on  thefe  branches  likewife 
carry  off  great  numbers  of  the  lacca  infe6ls  adhering  to 
their  feet,  and  thus  tranfplant  them,  by  depofiting  them 
on  other  trees  where  they  reft.  Of  thefe  four  fpecies  of 
trees,  it  ap}:>tiars,  there  is  only  one,  the  rhammusjujuba, 
upon  which  Dr.  James  Anderfon  found  the:e  infcfts 
near  Madras,  although  he  obfcrved  them  on  feveral  fpecies 
of  mimofa,  and  on  fome  other  trees  and  {hrubs.  Dr. 
Roxburgh  of  Samulcotta,  however,  feems  to  think,  tha^ 
on  the  coaft  of  Coromandel  they  only  inhabit  (lirubs  of 
the  mimoia  kind,  and  even  but  three  fpecies  of  this  ge- 
nus. This  laft  gentleman  has  given  a  defcription  of  the  na- 
ture and  progrefs  of  thefe  infe<Sls,  with  great  minutenefs, 
in  the  Philofoph.  Tranf.  for  1791.  The  gum  lac  is 
dillinguilhed  by  feveral  names  :  thus,  in  it's  moft  na- 
tural tlate,  or  adhering  externally  to  the  fmali  branches 

of  the  (hrub,  it  is    called  /?/>/;■  lac,  when  it  is  detached '''^  ^^'^^- 

.  „  ties. 

from  thefe  and  reduced  to  a  grofs  kind  of  powder,  red  lac; 

when  liquified  and  made  into  cakes,  lump  lac;  and  when 
the  feed  lac  is  deprived  of  it's  colouring  matter,  and 
formed  into  thin  tranfparent  plates,  it  is  called /j.//A-/r. 
Dr.  Roxburp;h  is  of  opinion,  that  the  colour  fliould  beex- 
trafled  from  frelh  lac  inftead  of  drv  lac,  in  the  month  of 
October,  or  beginning  of  November,  before  the  inre6}:s, 
have  acquired  life,  as  he  found  the  deepefl  and  bed  co- 
lour to  be  produced  fi'om  the  eggs  when  mixed  with  the 
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nidiif,  whilil   the   dried  lac   coninnu-iicales  a  much   kfs 

bright  colour  to  water. 
Banrrofi's        According  to  Bancroft,  the  colourino;  matter  may  be 
exiiidin!;    ?^^  ^'"'^"^  ^'^'s  drug  in  the  form   of  extract,  by  boiling  it 
liic  roUir    jj^  water,  then  bv  filtration  and  evaporation. 

from  It.  -  ' 

Comparrr]        ^^^^  colours  dyed  by  Stici  lac  approach  very  nearly  to 

villi  cochi-  thofe  of  cochineal.     They  are  not  quite  fo  lively   and 
neaJ.  .  .... 

beautifid  ;  but  this  defeft  is  in  fomc  mcafurc  compenfated 

by  their  being  more   durable,  efpecially  on  cottons.     It 

requires  the  fame  bafis  and  treatment  as  cochineal.     It  is 

iifcd  by  the  natives  of  India  as  a  dye ;  and  according  to 

Sir  William  Jone?,  the  Hindus  have  fix  names  for  lac, 

although  they  generally  call  it  lacflia,  from  the  multitude 

of  fmall  infefts,   which  they  believe  difchargc  it   from 

their  (lomach,  and  at  length  dellroy  the  tree  on  which 

ihey  form  their  colonics.     It  was  likewife  in  ufe  as  a  dye 

amono-ft  the  ancients.     The  moderns  ufe  it  as  the  bafis 

tJfed  ill       ^^  fealing  wax ;  and  the  greater  part  that  comes  to  Euro])e 

i^-^'^'^nz        is  afterwards  fent  to  Portu<>;alj  Barbary,  Sec.  where  it  is 

wax.  ...  ^. 

employed  in  ftaining  goatlTcins  to  make  uhat  is  called  red 
Morocco  leather. 
E>fa!Ti;ried  Ncuman  looked  upon  gum  lac  as  a  very  hard  fort  of 
"'  wax,  tinctured  with  an  animal  red,  of  the  cochineal  kind; 
he  found,  that  the  feed  lac  does  notdiflolvc  in  water  or  in 
oils.  To  alum  w.itcr  it  afforded  a  beautiful  tranfparent 
red.  Dr.  Bancroft  likewife  found  the  colouring  matter 
he  received  from  the  Eaft  Indies,  which  mod  probably 
was  of  this  fpccics,  to  be  infoluble  in  water,  which  he 
attributes  to  it's  being  tr>'>  intimately  unitedto  a  portion 
of  aluminc,  employed  in  India  to  precipitate  it,  as  a  lit- 
tle pearl  aHi  brought  about  it's  folubility.  Neuman 
found,  that  of  the  concentrated  acids,  the  vitriolic  ex- 
tr»<5^ed  very  little  of  it,  the  marine  fomewhat  more,  and 
the  nitrous  nothing.     Spirit  of  win<',  after  fome  time,  dif- 
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folved  nearly  the  whole  of  it,  and  the  folution  was 
of  a  brown  colour.  Diftilicd  in  the  open  fire,  a  thick, 
empyreumatic  oil  was  obtained,  fimilar  to  that  of 
common  w-ax,  after  which  arofe  an  aqueous  liquor, 
nut  nianifeftly  acid,  or  alkaline.  There  remained  a  re- 
fiduum. 

Fourcroy  looks  upon  It  as  a  true  wax,  although  he 
thinks  it's  drynefs,  the  aroinaiic  odour  it  exhales  in  burn- 
ing-, and  it's  folubility  in  fpirit  of  wine,  indicate  a  reit'n>- 
blance  between  it  and  the  refins.  By  diitillatlon^  he 
found  it  afforded  a  kind  of  butter. 


4.    coccus    POLONICUS. 

Tnr.  coccus  tinftorius  polonlcus,   as  it  is  called,  is  a  Cuccus  ao- 
fmall  round  infcil,  about  the  fize  of  a  coriander  ^ccd,  of  a  ^'^"^^'^*- 
purple  brown  colour  on  the  outfide,  and  full  of  a  blood  red 
iuice,  which  has  been  ufed  indvino;.  Itis  coilefted  in  con-  ^^''^i''  (-■^ 

...  ,  .  Icded. 

liderable  quantities  in  wafte  fandy  grounds  in  the  Ukraine, 
and  other   proviucrs  of  Poland,  and  \n  the  great   duchv 
of  Lithuania,  where  it  is  for.nd  adhering  to  the  roots  of  tiie 
German   kiiot  grafs  or  knawel  (fcleranthus  perennis.)   It  Compare^ 
is  gathered  towards  the  end  of  June.     It  appears  to  liave  Jwci.ntfs. 
properties   refembling   thofe   of  kermes,    but   fince   tlie 
cheaper  and    more  beautiful  colours  of  cochineal  have 
become  generally    known,    it   has   been    laid    aude    as 
well  as  the  kermes.     It  was  formerly  very  much  ufeu  by 
the  Turks  and  Armenians  to  dye  wool,  filk  and  hair,  as 
well  as  in  the  ftaining  the  nails  of  women's  fingers.  This 
colouring  matter  was  fixed  on  wool  and  filk  by  the  ufuai 
mordant  or  preparation  of  alum  and  tartar. 

Nearly  refembling  the  coccus  polonicus  is  an  infeft  O-.irrr  ir^- 
whicli  In  many  parts  of  Europe  was  a.rmeily  taken  fiom  i.,\;- j''.'^  ■ 
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the  roots  of  the  huriut,  (poterliim  fcmguiforba,  Lin.) 
and  ufc'c]  in  dini'rc'nt  countries,  particularly  by  the  Moors, 
for  dying  filk  and  wool  of  a  crimfon  or  rofc  colour.  To 
this  may  be  added  the  coccus  uvce  urfi,  Liu.  which 
is  likewife  an  infecl  affording  a  fine  red  colour,  and 
it  has  the  advantage  of  b;'ing  nearly  twice  the  fize  of  the 
polonicus. 

Dorthes  fur  quclqucs  effets  do  la  luniiere  fur  divers 
corps.  Annal.  de  Ch.  torn.  2.  p.  99. — EfTays  on  heat, 
light,  and  the  combination  of  light,  &c.  by  II.  Davy,  in 
tlie  Coniributions  to  phyfical  and  medical  Knowlttdge,  by 
T.  Beddoes,  M.  D.  Briflol,  1799. — Experiments  and  ob- 
fervations  on  the  light  which  is  fpontaneoufly  emitted, 
with  fomc  degree  of  permanency,  from  various  bodies,  by 
Nath.  Jluhne,  M.  D.  F.  R.  S.  and  A.  S.  Phil.  Tranf. 
Feb.  1800. — G.  G.  Richtcr,  prol.  de  Purpuras  anliquo 
et  novo  Pigmento. — Ackermann's  Opufc.  Med.  vol.  3. 
p  74.  Gott.  1741. — BifehoflT,  Verfuche  einer  Gefchichte 
der  Farbekunft,  &:c.  17SO. — Neumann's  Works,  tranf- 
lated  by  Lewis. — Trail^e  de  la  Culture  de  Nopal  et  de 
I'Education  de  la  Cochenille,  Sec.  per  Monf.  Tbieri  de 
Menonxille.  Annal.  de  Chiniie,  tom.  v. — Experimental 
Refearehes  concerning  the  Philofophy  of  permanent  Co- 
lours, by  Edvyard  Bancroft,  M.  D.  F.  R.  S.  vol.  1.  Lon- 
don, 1 794. — Bcrt.hollct,  Elemens  de  la  Teinture,  2  vols. 
Paris. — Goguet's  Origin  of  Laws,  Arts,  and  Sciences, 
tranflated  from  the  French,  vol.  2.  p.  95.  art.  Colours 
employed  in  dying  of  Stuffs,  Edinburg,  1775. — An  ex- 
perimental Inquiry  into  the  Caufe  of  the  permanent  Co-  • 
lours  of  opake  Bodies,  by  Edward  HufTey  Delaval, 
F.  R.  S.  Manchefter  Memoirs,  vol.  2.  p.  147-  17S9. — 
Objci5\lons  de  Joac.  Carradori,  M.  D.  contra  I'opinion  ' 
du  Prof.  Spallanzanl,  fur  la  Caufe  du  luifant  des  Phof- 
ph'.-re^  Natnrels,  kc.     An,  de  Ch.  T.  21.  p.  21G.  1797. 
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•— Obferv.  fur  la  Phofphore  des  vers  luifans,  &c.  par  id. 
id.  T.  34.  p.  187.  an.  8. — Exper.  et  obferv.  fur  la 
Phofphorefcence  de  Lucioles,  Lampyris  Italica  par  id.  id. 
T.  26.  p.  96.  1798. — Sur  quelques  Modifications  de  la 
Lumiere,  par  le  Cit.  Bnignatellij  id.  p.  107. 
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Animal  Tn  this  clafs  of  animal  fubftances  Are  comprehended 

co,.cietion5.  ^,j  ^^^^^^  ^^^^^  ^^  j^j-^  ^^^jjj  coiicrctions  which  are  formed 

in  iHe  different  partN  of  animals,  and  which,  as  ihcy  are 
generally  found  either  in  the  refervoirs  or  dutls  of 
the  different  fecrctions  or  excretions,  are  fuppofed  to 
originate  in  confeqvience  of  the  fluids  being  fecreted  iu 
a  drfeafed  flatc.  The  advantages  .that  may  arife  from  the 
analyfis  of  fuch  fubftances  are  expefted  to  be. 
The  life  of  1 .  To  afford  the  phyfiologift  a  more  accurate  know- 
Ijfis  *"*'  ^^'^g^  °^  ^^^^  animal  mechanifm,  by  fliowing  him  the 
principles  upon  which  they  are  formed,  and  the  circum- 
llanccs  that  give  rife  to  them. 

2.  To  affill  in  that  invelligation  which  is  neceffary  to 
arrive  at  the  cure  of  the  difeafes  they  produce,  and  often 
attended  with  the  greated  danger. 

For  the  bed  analyfis  of  many  of  the  fubftances  of  this 
clafs  we  are  pvincipaUv  indebted  to  the  labours  of  Scheele, 
who  firft  thoroughly  invefligated  tine  fpecies  of  calculus  ; 
to  Fourcroy,  to  whofe  fkill  -in  this  part  of  fcience  animal 
chemillry  owes  lb  much,  and  to  Drs.  Woollaflon  and 
Pearfon. 


CALCtJLUS  VESICA,    OR  STONE  OF  THE  ELADDEK. 

Of  all  the  hollow  vifcera,  it  is  the  human  bladder  in 
uhich  calculous  concretions  are  the  moil:  frequently  and 
abundantly  found,  and  according  to  Fourcroy,  it  is  a  re- 
markable fa6t,    that  they  differ  more  by  iheir  volume, 
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tlu'ir  weight,  their  form,  and  their  colour,  than  by  their 
component  parts,  as  appears  from  the  refult  of  all  the  ex- 
periments of  modern  chemills  on  this  fubjecl.  With 
refpe(5l  to  their  external  properties,  we  are  informed  by  External 

r    .  .  ^  .  properties. 

Baillic,  that  when  there  Is  only  one  calculus  prefcnt  \n  the 
bladder,  it  is  ufually  of  an  oval  form,  but  when  there  are 
more,  as  is  generally  the  cafe,  they  acquire  by  friftion 
flat  lides  and  angles.  The  vefical  calculi  have  fometimes 
a  fmooth  uniform  furface,  but  more  frequently  granulat- 
ed, fo  that  they  appear  more  or  lefs  rough ;  fome  have  an 
irregular  porous  ftru6lure  on  the  furface,  inflead  of  being 
granulated.  When  divided  by  the  faw  or  broken,  they 
exhibited  moft  commonly  a  luminated  ftru6lure.  Thefe 
lamince  are  difpofed  in  concentric  curves,  and  are  ap- 
plied together  with  more  or  lefs  compa6lnefs,  and  they 
differ  in  thicknefs  in  different  calculi.  The  laminated 
ftrudure  fometimes  pervades  uniformly  the  whole  mafs 
of  the  calculus,  at  other  times,  different  portions  of  it 
are  interrupted  by  a  coarfe  porous  texture.  In  fome 
calculi  there  is  no  laminated  ftrata,  but  they  are  entirely 
porous.  Their  colour  varies  confiderably;  they  are  moft 
frequently  of  a  brown  colour,  of  a  lighter  or  darker  Ihade, 
fometimes  they  are  white,  fometimes  of  a  yellowifh  co- 
lour, and  different  portions  of  the  fame  calculus  are  fre- 
quently of  a  different  colour  ;  fome  laminae,  for  inftance, 
are  perfe6lly  white,  while  the  others  are  brown  ;  in  this 
fort  of  mixture  Baillie  has  moft  commonly  found  the 
white  laminae  on  the  outfide,  and  the  brown  in  the  mid- 
dle, nor  does  he  recollect  feeing  one  inftance  of  lamince 
of  different  colours  difpofed  in  alternate  ftrata.  Although 
the  matter  of  the  calculus  is  generally  formed  into  one  dt 
more  circumfcribed  maffes,  yet  it  fometimes  happens 
that  the  whole  bladder  is  filled  with,  a-fubftance  like 
mortar. 

vol..  II.  V 
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If  we   afccnd   to   aatiquity  for   the  Ideas  entenained 

on  the  calculi  of  the  bladder,  we  (hall  find,  that  the  an- 

Opinimof  cicnts  looked  uiiou  them  as  mere  (lone  or  gravel,  judcing 

the  anci-  '  o  J        _      " 

ems.  of  them  accordinjT  to  their  external  refeniblance  ;  hence 

this  /jalcvilus  was  called  by  Aretaeus,  and  Aurelianus,  "J 
among  the  Greeks,  a»0o?  and  ^9»ai7K ;  by  Celfu.s  and  Pliny, 
anionfr  the  Latins,  calculus  and  fabulum.  Indeed  it  was 
fuppofed  by  Galen,  that  a  vifcid  animal  matter  was  the 
bafis  of  thefe  concretions  ;  but  in  his  days,  earth  was 
looked  upon  to  be  the  bafis  of  all  animal  matter ;  the 
Greek  phvficians,  however,  employed  alcalis  to  cure  thefe 
difeafes. 

On  dcfcending  to  more  modern  times,  we  find  that  the 
ideas  of  phyficians  refpe6ling  thefe  fubliances,  although 
they  differed,  were  far   from   the    truth  ;  tlius  Bafil  Va-,  ' 

Paracelfus.  Jentine  looked  upon  them  to  be  tartar,  and  Paracclfus, 
as  intermediate  fubftances  between  tartar  and  ftone,  of  \ 
which  the  animal  refin  formed  the  firft  matter ;  and  he 
admitted  of  no  difference  between  the  calculi  of  the 
bladder,  which  he  called  bv  the  barbarous  name  of 
duekck,  and  arthritic  or  gouty  concretions,  except  that 
the  firft  was  hardened  by  the  fpirit  of  the  urine,  whiUi  the 
laft  contained  more  fait. 

Van  He!-  Van  Helmont,  after  having  commented  a  long  time  on 
this  matter,  concluded  the  dudeck  to  be  an  anomalous 
coagulum,  arifnig  from  the  falls  of  the,  urine,  and  an 
earthy  volatile  fpirit,  without  any  vifcous  or  mucilaginous 
matter,  and  without  anv  progreffive  induration,  whilft 
the  arthritic  chalk,  on  the  contrary,  was  the  produiflion 
of  the  induration  of  the  fynovia  of  the  articulations, 
and  the  How  acidification  of  this  vifcid  fubftance.  On 
didilling  this  ducleck,  by  the  dry  way,  he  obtained  a  vo- 
latile alkaline  fpirit,  a  yellow  cryftallized  mafs  depo- 
fitcd  in  the  neck  of  the  retort,  a  little  cmpyrevmiatic  oil, 
and  a  taflclefp  pulverizable  coal. 
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Boyle  found  this  calculus  to  be  compofed  of  oil  and  a  S")!-- 
prcat  quantity  of  volatile  lalt;  Boerhaave  fuppofed  it  to 
be  a  fubtile  earth,  intimately  united  to  volatile  alkaline 
falts,  Slare  and  Hales  had  obferved  nearly  the  fame  pro- 
duds  as  Van  Helmont ;  but  Hales,  on  diftilling  a  calcu- 
lus by  a  pneumatic  apparatus,  found,  that  it  afforded  645 
times  it's  volume  (it  weighed  230  grains)  of  an  aeriform 
fluid,  and  that  there  onlv  remained  a  refidue,  weighing 
49  grains ;  hence  he  looked  upon  it  to  be  iimilar  to  tar- 
tar, which  likewife  affords  a  confiderable  quantity  of  gas 
and  he  concluded  that  the  calculus  was  an  animal  tartar. 

The  decompofition  of  this  fubftance  was  alfo  attempted 
by  other  chemifts,  as  Hoffmann,  Pott,  Geoffrey,  Rutty  Hoffmann. 
Paluccl,  &c.  But  fo  little  was  the  progrefs  they  had 
maxle  in  the  inveftigation  of  this  concretion,  that  any  de- 
fcrlptlon  would  be  unneceffary  ;  a  detail  of  their  labours 
may  be  found  in  Haller. 

Some  phyficians  had  likewife  attempted  to  decompofe  Attempt?  to 
it  in  the  bpdy,  by  various  medicines,  known  by  the  name  jt  i,,  the 
of  iithontriptics.      Amongft  thefe  were  Alfton,  Whitt,  ^°^^' 
Butter,  and  de  Haen  ;  they  had  made  fome  experiments 
on  the  lithontriptic  virtue  of  foap,  of  limewater,  and  of 
alkalies  ;  the  alkaline  preparation  known  by  the  name  of 
fixed  nitre  was  particularly  recommended   by  Vogel  and 
Meckel ;  and  the  lithontriptic  of  Turin  was  underftood 
to  be  the  cauftic  foda  or  ley  of  the  foap  boilers  ;  however, 
the  more  general  opinion  was  at  that  time,  that  acids  were 
the  true  diffolvents  of  this  calculus,  and  that  it  contained 
a  foluble  earth,   or  an  animal  earth,   perfectly  analogous- 
to  that  of  bones.  ♦ 

It  was  from  the  imperfection  of  the  analyfis  of  this 
fubftance,  that  the  idea  of  it's  being  ftony  A\:as  enters 
tained,  till  not  many  years  ago;  and  although,  as  it  ap- 
pears, the  experiments  of  Slare  and  Hales,  as  well  as  a 
few  others,  had  before  iliown  that  thefe  galculi  commonly 
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confill  of  aiihnai  iiialtcr  ;  thi-;  opiiiioa  was  not  generally 
received.  As  to  the  earth  of  which  they  were  fuppofed 
Suppof»d  to  be  compofcd,  it  is  well  known,  the  only  difiinclion 
reoiis"'*^'*  between  earths,  till  about  forty  years  ago,  was  into  abfol- 
vent  and  nonabi\)lvcnt,  and  as  the  abfolvcnt  earths  were 
divided  into  the  calcareous,  magnefia,  and  clay>  the  cal- 
careous was  confidcred  as  that  exifting  in  urinary  concre- 
tions,  nioft  probably  from  it's  being  fo  extenfively  difliifed 
through  the  wlioie  animal  kingdinn.  With  refpecl  to 
it's  being  the  earth  of  bones,  the  experiments  of  Margraaf 
proved  the  futility  of  the  analogy. 

Such  were  the  ideas  entertained  of  this  fubftance  before 
the  experiments  of  Scheele;  it  was  known  that  the  mat- 
ter of  which  it  is  compofcd  exifls  more  or  lefs  abun- 
dantly in  urine,  but  the  conjectures  rcfpc6ling  li'i 
nature  were  totally  falfc,  till  this  celebrated  chcmill 
proved  it  to  be  an  acid,  now  known  by  the  i>amc  of  the 
lithic  acid. 

The  experiments  of  vSchcele  were  publiflicd  in  Sweden 
in  the  year  1776  ;  and  as  Bergman  had  undertaken,  much 
about  the  fame  time,  an  inveftigation  of  it,  whofe  fleps 
liav'e  been  followed  by  feveral  other  chcmifts,  fome  fliort 
account  will  be  indifpenfable. 
Diiliilatiun.  According  to  Scheele,  this  calculus  afibaled,  on  diftil- 
lation,  a  volatile  alkaline  fpirit,  a  brown  fublimate, 
which  became  white  on  repeating  the  operation,  and 
mixed  with  alkalis,  gave  no  fmell,  but  an  acid  tafte,  was 
-  folublc  in  boiling  water  and  alcohol,  did  not  precipitate 
lime  from  it's  folution,  and  appeared  to  refemble,  in  fome 
meai'ure,  the  fait  of  amber;  and  tl>ere  remained  a  black 
coal  which  preferved  it's  colour  on  red-hot  iron.  From 
yO  grains  of  calculus  he  obtained  'JS  grains  of  the  fubli- 
mate, which  is  the  concrete  volatile  lithic  acid,  and  12 
grains  of  coal. 

Thefe  experimer.ts,  it  may  be  obferved,  refemble  thofe 
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f)\  JNIargraaft'.  From  1  ounce  and  a  quarter  of  calculus,  he 
obtained  2  drachms  and  a  half  of  a  fublimate,  which, 
.  on  reditl cation,  afforded  a  little  volatile  alkalme  fpirit, 
and  a  white  fublimate;  but  the  fire  being  increafed,  a 
thick  yellow  acid  oil.  The  white  fublimate  was  for  the 
moft  part  foluble  in  water,  and  the  evaporated  folutiou 
dcpofited  a  triple  fait,  viz.  a  taltelefs,  a  fweet,  and  a  bitter 
one,  each  of  which  diftilled  with  fixed  vegetable  alcali 
gave  a  little  volatile  alcali,  the  refiduum  appearing  to  hini 
to  Ihow  a  trace  of  fufible  fait  of  urine. 

Hartenkeil  obtained  from  one  ounce  of  calculus  355 
cubic  inches  of  aerial  matter,  of  which  301  were  fixed 
air,  and  of  the  remainder  one  fourth  was  taken  up  by  an 
equal  quantity  of  nitrous  air.  He  then  got  four  drachms 
and  nine  grains  of  an  empyreumatic  oil,  55  grains  of  vo- 
latile alkaline  fpirit,  and  two  drachms  33  grains  of  coal, 
which,  on  calcination,  was  nearly  all  confumed.  Scopoli 
obtained  from  25  grains  of  calculus  the  fame  number  of 
cubic  inches  of  fixed  air. 

Nicholas  Tychfen,  befides  a  little  air,  obtained  a  brown 
inflammable  fublimate,  dry  volatile  alkali,  a  little  fluid 
refembling  fpirit  of  hartfliorn^  and  a  coal,  -j^^  part  of 
which  was  infoluble  in  muriatic  acid. 

Linke  obtained  in  a  flrong  diftilling  heat  a  yellow 
fluid  like  fpirit  of  hartfliorn,  volatile  alkali,  a  fev/  drops  of 
an  empyrcurnatic  oil,  and  a  black  fhining  coal;  and  Ti- 
tius  got  fixed  air,  volatile  alkali,  an  empyreumatic  oil,  a 
brown  fublimate,  and  a  very  black  coal  containing  calca- 
reous earth. 

Frederic  Hofl'mann,  MargraafF,  and  Hartenkeil,  fawthe 
calculus  when  expofed  to  the  open  fire,  as  well  as  Tych- 
fen, before  the  blowpipe,  become  at  firfl;  black,  but  af- 
terwards with  an  evident  volatile  alkaline  and  empyreu* 
matic  fmell,  without  any  peculiar  fmoke,  until  it  w^as 
confumed  to  a  more  orlefs  triflino;  white  or  darkifli  refidue, 
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"Water.  From  Scheele's  experiments  the  calculus  is  perfeftly  fo- 

luble  in  water.  Five  ounces  of  boiling  water  diflolved 
eight  grains.  This  folution  changed  the  tincture  of  lit- 
mus to  a  red,  did  not  precipitate  lime  from  it's  water,  and 
on  becoming  cool,  depofited  the  grcateft  part  of  the  dif- 
folved  calculus  in  the  form  of  fme  cryflals.  Margraaf 
alfo  found  it  foluble  in  water. 

Frederic  Hoffmann  only  obtained  by  boiling  calculus 
in  water  a  white  turbid  folution,  which,  on  being  cxfic- 
catcd,  left  a  whitifli  matter  of  a  bitter  faline  tafie,  gave 
no  empyreumatic  alkaline  fmell  on  hot  coals,  as  was  the 
cafe  with  the  calculus,  and  the  remaining  powder  fliowed 
no  trace  of  volatile  alkali  onlcvigation  with  potafhand  did 
not  effervefce  with  vitriolic  acid. 

Bergmann  likewifc  could  not  obtain  a  perfeft  folution  of 
this  calculus  in  boiling  water,  but  obferved  feme  white 
fpongy  particles  to  feparate,  that  were  neither  acSted  upon 
by  water,-  alcohol,  acids,  nor  cauftic  volatile  alkali,  and 
which  expofed  to  the  fire,  afforded  a  coal  difficult  of  in- 
cineration, the  afhes  of  which  were  infoluble  in  nitrous 
acid;  but  he  procured  it  in  fuch  fmall  quantity  as  not  to 
be  able  to  examine  it. 

The  experiments  of  Hartenkeil  confirm  thofe  of  Berg- 
mann, who  obferved,  that  out  of  two  drachms  of  calcu- 
lus kept  in  fix  ounces  of  diftilled  water  during  four  days, 
only  two  grains  were  diflolved,  and  only  five  by  a  boiling 
heat  J  whilfl  Tychfen  could  dilfolve  none  either  in  cold 
or  boiling  water;  and  Linkc,  who,  on  boiling  the  fof- 
tened  rind  of  calculus  in  16  times  it's  quantity  of  water, 
found  the  fmall  quantity  difl!blved  to  be  only  gelatinous. 

Vitriolic  '^^'^  vitriolic  acid,  according  to  Scheele,  onlv  difloKed 

acid.  the  calculus  when  concentrated,  and  by  the  afiiftance  of 

heat,  during  which  operation  he  found  the  acid  to  arife 

Mt.ri  tic      ^"  '^'^  phlogiflicated  (iate.     He  found  the  muriatic  acid 
had.  no  efFtd  ujdou  it  even  at  a  boiling  heat.     Hales, 
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?»rargraaf,  and  Tychfen  have  obferved,  however,  fgme 
llight  des!;ree  of  foUition,  according  to  thelaft,  it  commu- 
nicated to  this  acid  a  bitter  tafte,  when  digelled  with  it 
in  a  concentrated  ftate ;  and  Baillie  met  with  one  that 
was  foluble  in  this  acid  at  the  common  temperature  of 
the  air. 

The  fame  chemift  informs  us,  that  the  nitrous  acid  at-  Nitrous 
tacked  it  even  in  the  cold,  that  by  the  aid  of  heai  it  was  '^^'  " 
entirely  diffolved,  fending  forth  red  vapours.     Margraaf, 
Hartenkeil,  and  Bergman,  however,  found  a  fmall  refi- 
due,  eonfifting  of  white  fpongy  flocks,  refembling  thofe 
obtained  by  boiling  in  water.     The  lolution  was  yellow. 

If  this   procefs  was  performed    in  a   retort,    Scheele 
found,  that  the  gas  which  arofc  precipitated  limewater 
hi  the  receiver ;  this  proceeded   from  the  fixed  air,   as 
Hales   remarked,  that  a  great  quantity  of  it  was  always 
prefent  in  the  calculus.     The  folution  always  taRed  four, 
even  after  faturation,    although  Bergman    obferved  no 
fmell  of  the  nitrous  acid  ;  this  fhowed  the  prefence  of  a 
free  acid.     It  coloured  the  Ikin,  bones,  glaf-,  paper,  after 
fome  time,   of  a  beautiful   red   colour.     If  evaporated  to 
concentration,  it  appeared  as  red  as  blood,  but  this  colour 
difappeared  on  the   addition  of  a  few  drops  of  nitrous 
acid,  and   was  not  to   be  recalled  by  alkalis  or  any  other 
means.      By  a  quicker  evaporation,   this   high   red  li- 
quor was  converted  into  numberlefs  bladders,  and  at  laft 
a  dark  red  fcum,  which,  on  exficcation,  appeared  of  a 
black  red,  and  which,  on  folution   in  water,   save  it  a 
beautiful  rofe   colour,   and  was  dilTolved  by  all  acids  and 
cauftic  alcalis,  with  a  lofs  of  it's  colour,  although  it  re- 
mained longer  with  the  laft.     Expofed  to  the  air,    this 
dried  red  mafs  feemed  inclined   to  deliquefcence.     The 
nitrous  folution  was  not   precipitated   by  the  muriat  of 
barytcs,  which  would  have  been  the  cafe  if  it  had  con- 
tained  the  vitriolic  acid,   from  which  fuppofiticn   the 
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calculus  had  been  looked  upon  as  of  a  gypfeous  nature; 
nor  was  it  changed  by  metallic  folutions  ;  by  the  addi- 
tion of  a  fixed  alkali  it's  colour  was  only  turned  yellow, 
and  when  the  alkali  was  abundant,  the  mixture,  on  dv- 
gcftion,  became  of  a  rofc  colour,  which  was  immediately 
communicated  to  the  (kin ;  in  this  ftate  it  precipitated 
metals  from  their  folutions,  of  different  colours;  the  vi- 
triol of  iron  black ;  vitriol  of  copper  green  ;  filver  gray  ; 
corrofive  muriat  of  mercury,  zinc,  and  lead,  white. 
Limewater  decompofed  the  nitrous  folution,  and  pro- 
duced a  white  precipitate,  which  precipitate,  after  having 
been  well  edulcorated  and  dried,  was  foluble  in  the  ni- 
trous and  muriatic  acids,  without  efTervefcence.  This 
circuniftance  proves  it  could  not  be  calcareous.  Even 
after  the  fuperfaturation  of  thefe  acids  with  the  precipi- 
tate, the  folution  tafted  four,  and  inflamed  on  being  eva- 
porated to  drynefs  ;  on  calcining  this  precipitate  in  clofed 
vefTels,  it  left  a  fpungy  black  matter  refembling  calcined 
alum  ;  and  in  this  ftate  it  cffervefced  with  acids,  and  ex- 
pofed  to  the  blowpipe,  was  converted  into  quicklime. 
By  the  addition  of  oxalic  acid,  the  nitrous  folution  was 
not  affected  either  before  or  after  it's  mixture  with  alcalis, 
from  which  it  appears  that  no  calcareous  earth  was  pre- 
fent  in  the  calculus 
Bpismao  Bergman  endeavoured   to  difcover  calcareous  earth  in 

fries  to   find        _         ^ 

cairareoui  this  fubfiancc,  by  othcr  Hicans :  firfl,  he  incinerated  tbiC 
coal  of  the  calculus,  and  found  that  the  white  aflies  efier- 
vefced  a  little  with  acids;  that  they  formed  gypfum  with 
the  vitriolic;  that  they  were  foluble  in  the  nitrous  even 
to-r4c>  and  alfo  a  part,  whieli  he  looked  upon  as  calca- 
reous, foluble  in  pure  water.  Secondly,  by  exficcation  of 
the  nitrous  folution  of  calculus,  and  incinerating  the  dried 
rcliduum,  he  obtained  a  calcareous  powder.  Thirdly,  he 
obfervcd  that  the  vitriolic  acid,  on  being  mixed  with  the 
diluted  nitrous  folution,    produced  no  change ;  but  on 


call 


CONCRETIONS.  297 

addino-  it  to  a  ftrong  nitrous  folution,   or  to  the  diluted* 
when  concentrated   by  evaporation,    fome   fmall    cryftals 
were  produced,  which   were   lokible  in  diftilled   water, 
cave  a  precipitate  with  oxaUc  acid,  and  polTelTed  all  the 
properties  of  gyprum.  Although  thefc  experiments  prove 
beyond  all  doubt  the  exigence    of  this  earth  in  calculus, 
yet  itexifts  in  fo  inconfiderablc  a  quantity,  as  rarely  to  ex- 
ceed ^  J^  ;   and  hence  the  caufe  that  molt  chcmifts  on  the 
calcination  of  thefe   fubltances  find  an  extremely  incon- 
fiderablc quantity  of  afhcs.     According  to   Pechlin,  the 
nitrous  acid  which  fo  forcibly  diflblves  the  calculus  when 
pure,  pofleffes  this  property  when  dulcified  with  alcohol  ; 
Hartenkcil,  however,  'bund  this  nienflruum  fo  weak  in  it's 
aiSlion,  that  fix  oimccs  of  it  only  dillblved  three  grains  of 
calculus. 

Vinegar    likewife   diffolvcs  calculus;    thus  Marsraa'^ Vinegar, 
found,  that  one  ounce  of  difiilled   vinegar  took  up  one 
grain  of  it. 

According  to  Tychfen,  the  citric  acid  is  more  active  on  Citric  arid, 
this  fubftance  than  difiilled  vinegar. 

From  JNIargraaf 's  experiments,   the  formic  acid   had  Formic  and 
very  little,  and  the  phofphoric  no  effea:.  aSf  °"* 

Lobb,  by  a  continued  digeftion  of  calculus  with  the 
following  fubftances,  found  it  to  be  rendered  partly  more 
foft,  and  partly  diflblved,  viz.  with  lemon  juice,  vinegar,  ^enjo,, 
the  expreffed  juices  of  radifh,  afparagus,   forrel,  parfley,  J""^^'  ^'^• 
onions,  oranges,  mulberries,  potatoes,  pears,  grapes  and 
pumions;  alfo  with  milk  and  different  kinds  of  wine. 

According   to  Scheele,    1000  grains  of  limewatcr  dif- Limewatcr, 
folved,  on  digeftion,  .5,37  of  calculus,  which  were  agaii\ 
precipitated  by  acids,  at  leaH:  in  part. 

This  property  of  limcwater  had  been  before  obferved 
by  Bafil  Valentine;  but  Hartenkeil  and  Tychfen  found 
it's  a6lion  to  be  very  fmall.  It  was  this,  however,  which 
>vas  fo  long  recommended  as  a  lithontriptic,  particularly 
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by  Robert  Whytt;  and  the  ibip  compofed  of  the  lime  of 
*  all  fbell  fiHi  formed  Stevens's  celebrated  medicine. 

Aikiiij.  Schcele  found,  that  mild  alkalis  had   no  aftion  tipon 

calculis,  but  was  diiT.lvcd  by  them  in  their  caullic  flale, 
even  in  the  cold.  The  folution  in  cauftic  potafli  was  yel- 
low, of  a  fwcttidi  taftc,  did  not  render  limevvater  turbid, 
was  precipitated  by  all  acids,  even  by  the  carbon'ic,  and 
dccompofcd  metallic  folutions,  viz.  iron,  of  a  brown  co- 
Jour  j  copper,  gray  ;  Hlver,  black  ;  and  zinc,  lead,  and  cor- 
rofive  fublimate,  white ;  if  too  much  alkali  was  employed, 
it  produced  an  ammoniacal  odour;  with  rcfpc6l  to  cauf- 
tic  volatile  alkali,  a  large  proportion  was  neceflary  for  a 
folution. 

Carbonated  j|,  ^^^^  appears,  that  water  containing  fixed  air  pofT-fles 
a  menflrual  action  on  this  fubftanco.  This  was  obferved 
by  Springsfeld,  of  the  water  at  Karlfbad,  and  by  Falco- 
ner, Saunders,  and  Pcrcival,  of  water  artificially  impreg- 
nated; but  with  refpeft  to  the  lad  it  is  fo  weak  and  infig- 
nificant  as  not  to  be  efteemcd  better  than  common  water 
in  curing  the  difeafe, 

Sciieele  and  From  thcir  e.Npcriments,  Schcele  and  Bergman  have 
concluded_,  that  the  vcfical  calculus  is  an  oily,  concrete, 
volatile  acid,  united  to  a  gelatinous  part  :  that  it's  faline 
nature  is  proved  by  it's  folubllity  in  water  ;  it's  acidi'v, 
from  the  reddening  of  the  tinfture  of  litinus  by  this  folu- 
tion, and  from  it's  union  with  alkaline  falts,  as  well  as  with 
limewatcr,  the  cauflic  tafte  of  which  it  moderates  :  that 
the  diflerence  between  this  acid  and  fixed  air  is  known  by 
it's  not  rendering  limewater  turbid:  that  it's  inflamma- 
ble nature  is  evident  from  the  quantity  of  red  vapours 
which  arife  during  it's  folution  in  the  nitrous  acid,  and 
the  red  colour  extricated  from  it  by  that  acid.  Finally, 
that  it's  volatility  appears  from  the  fublimate  obtained  by 
the  diftillation  of  the  calculus.  Scopoli  and  Titus  have 
obtained  the  oxalic  acid  from  this  fubftancc. 
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According  to  Morvean,  the  exjjeriments  of  Scheele 
and  Bergman  prtfcnt  fevcral  important  confequences." 
With  refpeft  to  the  compofition  of  calcukis,  he  alleges, 
tliat  volatile  alcali  certainly  forms  a  part  of  it,  although 
the  fmalleft,  whilft  the  lithic  acid  compofes  the  greatefl. 
Scheele  admits  an  animal  gelatinous  matter  in  it;  and  Moiveaa. 
Morveau  concludes,  that  it  contains  an  oil,  or  mucilagin- 
ous oil,  capable  of  fitrnifliing  phlogifton;  he  grounds  this 
affertion  on  the  fmnaking  vapours  it  gives  with  the  nitrous 
acid ;  it  however  appears  to  this  chemid,  that  it's  quality 
perhaps  cannot  be  afcertained  by  the  coaly  refiduum 
found  in  the  retort  after  diftillation,  for  that  the  lofs 
of -^-  of  the  weight  of  the  whole,  verified  by  it's  compari- 
fon  with  the  fum  of  all  theprodufts,  announces  a  decom- 
pofitiun  of  a  confiderable  part  of  the  acid,  a  portion  of 
which  converted  into  mcphitic  acid  he  thinks  has  pro- 
duced with  the  phlogifton  a  real  plumbago,  which  is  de- 
leted by  it's  refiftence  to  incineration. 

From  the  nitrous  folution  not  being  rendered  turbid  by 
the  oxalic  acid,  Scheele  concluded,  that  not  an  atom  of 
calcareous  earth  was  prefent  in  the  calculus,  and  this 
proof  is  looked  upon  as  very  corre6l  by  Bero;nian,  al- 
though he  acknowledges  it  iiiay  fometimes  fail ;  as  when 
the  oxalic  acid,  inflead  of  precipitating  calcareous  earth, 
forms  with  it  a  tripU  fait :  he,  however,  found,  as  above 
mentioned,  a  very  inconfiderablc  quantity  in  a  calculus  of 
the  kidney.  It  may  hence  be  feen  how  far  they  were 
erroneous  who  fo  long  believed  that  the  calculus  of 
the  bladder  was  a  calcareous  concretinn,  or  at  lead  of  the 
nature  of  the  earth  of  bones;  and  the  inutility  of  their 
attempts  to  prevent  it's  formation,  or  to  eflfeft  it's  folu- 
lion  is  now  no  longer  furprifing;  Bergman  having  well 
oblerved,  that  every  refearch  for  the  cure  of  this  difeafe 
ought  to  be  founded  on  the  perfe<!-t  knowledge  of  the  pro- 
perties of  the  calculus  itfclf.     To  conclude,   it  appears 


^50O  CONCRETIONS. 

from  tbefc  experiments,  that  the  calculi  of  the  bladder 
are  lor  tlie  mod  part  compolcd  of  this  acid,  called  by 
Morvcau,  the  liihic  acid  ;  that  all  which  this  lalt  fhcmift 
has  examined,  and  which  have  been  very  numerous,  were 
found  to  be  oi'  the  fame  nature,  as  well  as  thofe  analyzed 
by  Schcele  and  Bergman,  although  it  may  happen  that 
a  different  fpecics  may  be  accidentallv  met  with.     Tlius 

Teiinar.t.  It  appears  from  a  letter  to  Morveau,  written  byTennant, 
of  the  Royal  Society  of  London,  that  in  his  experiments 
on  the  vefieal  calculi,  he  found  Ibmc  that  only  loft,  on 
calcination,  |  of  their  v.eight ;  that  the  refiduum,  form- 
ing a  tranfparent  glafs,  on  cooling  bCcamc  white.  To 
judge  of  them  by  thefc  fafts,  they  ought,  according  to 
Morveau,  to  contain  a  pretty  confiderable  quantity  of 
phofphat  of  lime,  with  a  fuperabundance  of  acid. 

Scheele  found,  that  more  or  lefs  calculous  matter  was 
prefent  in  all  urine,  even  in  that  of  infants  j  that  the 
brick-coloured  depofit  to  be  feen  in  the  urine  of  patients 
under  fever  was  of  the  fame  nature,  that  it  feparatcd  by 
cooling  alone,  and  that  it  might  be  rcdiflblved  by  the  af- 
fiftance  of  a  fufficient  degree  of  heat. 

After  Bergman  and  Scheele  had  inveftigatcd  the  na- 
ture of  the  calculous  matter;  the  next  author  of  any  con- 

F.  urcroy.  fcquencc  was  Fourcroy  ;  he  examined  a  great  number  of 
varieties,  and  the  refult  of  his  anah  (i.->  is  as  follows  : 

1.  The  aqueous  folution  of  calculi  reddened  the  dyed 
paper  of  turnfole. 

2.  By  diftillation  on  the  fire,  and  by  the  a»Sion  of  the 
nitric  acid,  they  afford  pruffic  acid.  At  firft  there  arifes 
a  colourlefs  liquor,  then  fome  claftic  fluids,  compofcd  of 
carbonic  acid,  of  hydrogen  gas,  and  a  little  azot.  In 
the  neck  of  the  retort  he  found  fome  brilliant,  lamcllatcd, 
and  more  or  lefs  yellow  cryftals  of  pure  lithic  acid,  and  a 
fmall  quantity  of  carbonat  of  ammonia;  there  remained 
in  the  retort  a  grpat  quantity  of  coal  ;  he  obtained  jiQ 


CONCRETIONS. 

oil.  On  examining  the  liquid  producSl,  the  odour  of  free 
pruflic  acid  was  to  be  recognized.  In  the  water  a  fmall 
quantity  of  carbonat  of  ammonia  and  piiifliat  of  ammo- 
nia were  found.  The  prefence  of  the  pruflic  acid  was 
ealily  diftinguilhed  by  the  oxyd  of  iron  newly  precipi- 
tated, which  was  converted  into  Pruflian  blue  on  calliu"- 
it  into  this  liquor. 

3.  From  thefe  fafts  Fourproy  concludes,  that  the  vcfi- 
cal  calculus  contains  but  a  very  fmall  portion  of  hydro- 
gen, as  a  very  little  ammonia  is  formed ;  that  a  great  quan- 
tity of  azot  is  difengaged,  but  no  oil ;  that  the  lithic  acid 
contains  but  a  very  fmall  qurvntity  of  oxygen,  very  little 
of  the  pruflic  and  carbonic  acids  being  formed  ;  and  be- 
fides,  from  there  remaining  in  the  retort  a  very  large 
quantity  of  coal. 

4.  From  thefe  obfervations  he  likewife  infers,  that  the 
pruflic  acid  contains  more  oxygen  than  the  lithic  acid, 
flnce  there  is  onlv  verv  little  pruflic  acid  formed  from  the 
<lecjompofitiou  (jf  a  groat  quantity  of  lithic  acid  ;  that 
probably  carbonic  acid  is  formed  at  tlie  fame  time,  but  in 
fmall  quantitv  in  comparifou  to  the  mafs  of  coal  remain- 
ing in  the  retort. 

This  chcniill  admits  that  thefe  general  confiderations 
are  not  fufticient  to  explain  the  phenomena  which  the 
analyfis  of  the  vefical  calculi  prefent ;  he  has  therefore 
added  a  detail  of  his  experiments  made  in  1787,  which, 
although  thcv  are  far  from  rendering  the  "tubjeft  com- 
plete, may  throw  further  light   on   their  decompofition. 

Thefe  were  made  upon  four  kinds  of  calculi,  and  fliow 
a  great  analogv  to  thofe  of  Scheele,  publiflied  a  few  years 
before.  Ail  his  truths  are  here  attefted  ;  the  prefence 
likewife  of  fome  atoms  of  lime,  indicated  by  Bergman, 
are  to  be  found  in  them  ;  that  of  tlie  phofphat  of  ammo- 
nia, which  prettv  eonilantiy  exifts  in  thtfe  calculi,  and  of 
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the  phofphat  of  fodn,  which  is  often  to  be  fccn  crynal- 
lized  between  tiie  (uala  of  tlic  calculi.  He  has  likcwife 
recojTnizcd  in  thefc  experiments  the  volatility  of  the  lithic 
acid,  it's  greater  folubility  in  warm  than  in  cold  water, 
and  it's  being  capable  of  cry(lalii>:ation  by  means  of  cold  ; 
he  likewife  found,  that  the  calculus  fpontaneoufly  gives 
the  pruffic  acid  by  dillillation.  The  rofult  of  the  labours 
of  this  chemift  are,  that  the  only  appearance  of  lithontrlp- 
tics  is  in  the  ufe  of  cauftic  fixed  alcalis,  &c.  With  re- 
fpe6l  to  the  vefieal  calculi  of  other  animals,  nothing  had 
been  done  refpe^ling  their  inveftigation  until  this  chemift 
made  a  few  experiments  upon  two  ;  one  taken  from  the 
horfe,  the  other  from  an  ox,  but  neither  of  them  afiforded 
any  thing  analogous  to  the  lithic  acid  ;  the  products  he 
obtained  were  the  carbonat  and  phofphat  of  lime. 

Dr.Wolhf.      Ti-ic  vefieal   calculi   examined  by   Dr.  Wollaftou  are 

ton.  ...  1 

the  following,  viz,  \ 

E>cpcii-  Fufibie  calculus.     This   was  firft   afcertained  to    differ 

nients  on 

the  fufible  from  that  of  Scheele,  by  Tennant,  who  found,  as  before 
obferved,  that  inflead  of  being  nearly  confunied  by  the 
blowpipe,  a  large  proportion  of  it  was  left  {\Sc<\  into  r.n 
opake  white  gbfs,  which  he  conjecSturcd  to  be  phofpho- 
rated  lime  united  with  other  phofphoric  falts  of  the  urine; 
but  he  never  attempted  a  more  minute  analyfis.  Stones 
of  this  kind,  recording  to  Dr.  Wollaflon,  are  always 
whiter  than  thofe  defcribed  bv  Scheele,  and  fome  fpeei- 
mens  are  pcrfeelly  white.  The  greater  part  have  an  ap- 
pearance of  fparkling  crvflals,  which  are  mofl  difcernl- 
ble  where  two  crafts  of  a  laminated  ftone  have  been  fe- 
parated  from  each  other.  Having  had  an  opportunity  of 
procuring  thefe  cryl^als  alone,  voided  in  the  form  of  a 
white  fand,  lie  was  enabled  to  determine  the  nature  of  the 
compound  flone,  in  which  they  are  cemented  by  other 
ingredients. 
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The  cryftals  confift  of  phofphoric  acid,  magnefia,  and 
volatile  alkali;  the  fl-one  contains  alio  phofphorated  lime 
and  generally  Ibme  lithic  acid.  The  form  of  the  cryftal 
is  a  (hort  trilateral  prifm,  having  one  angle  a  rio-ht  anolc, 
and  the  other  two  equal,  terminated  by  a  pyramid  of 
three  or  fix  fides.  On  fubmilting  them  to  experiment  he 
found,  that, 

1.  Heat  drives  off  the  volatile  alkali  from  the  cryfial?, 
and  they  are  rendered  opake,  or  may  be  partially  fafed. 
The  phofphorated  magnefia  may  then  be  diffolved  in  ni- 
trous acid,  and  by  addkion  of  quickfilver,  diffolved  in  the 
fame  acid,  a  precipitate  of  phofphorated  quickfilver  is 
obtained,  from  which  the  quickfilver  may  be  expelled  by 
heat,  and  the  acid  procured  feparate.  By  addition  of 
vitriolic  acid  to  the  remaining  folution,  PJpfom  fait  is 
formed,  and  mav  be  cryftalllzed  after  therequifite  evapo- 
ration of  the  nitrous  acid,  and  feparation  of  any  rcdiui- 
dant  quickfilver. 

2.  Thcfe  cryftals  require  a  very  large  quantity  of  wa- 
ter for  their  folution,  but  are  readily  fijluble  in  mofl:,  if 
not  all  acids,  viz.  vitriolic,  nitrous,  marine,  phofphoric, 
faccharine,  and  acetous ;  and  when  precipitated  from 
them  reafl'ume  the  cryfialline  form. 

3.  From  the  folution  in  marine  acid,  fal  ammoniac 
may  be  obtained  by  fublimation. 

4.  Although  the  analyfis  is  fatisfa6lory,  the  fyntHetic 
proof  is,  if  poflible,  Hill  more  fo.  After  diflblving  mag- 
nefia in  phofphoric  acid,  the  addition  of  volatile  alkali 
immediately  forms  the  cryftalline  precipitate,  having  the 
fame  figure  and  properties  as  the  original  cryftals, 

5.  If  volatile  alkali  be  cautioufly  mixed  with  recent 
urine,  the  fame  compound  will  be  formed;  the  fin'l  ap- 
pearance that  takes  place  when  a  faificient  quantity  of 
alkali  has  been  gradually  added,  is  a*  precipitate  of  tliefe 
triple  cryfials.     Thefe  conttitute  the  greater  part  of  the 
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fufible  ftonc.  To  that  a  previous  acquaintance  with  ihcir 
properties  is  neceOarv,  in  order  tt)  coniprcliend  jufily 
the  nature  of  the  compound  Hone  in  which  they  ari; 
contained. 

The  moft  direct  analyfis  of  the  compound  ftone  15 
effected  bv  the  fucceflive  a6lion  of  diftillcd  vinegar,  ma- 
rine acid,  and  caudic  vegetable  alkali. 

6.  Djdillcd  vinegar  a6ls  but  llowly  upon  the  calculus 
when  entire;  but  when  powdered,  it  immediately  dif- 
folves  the  triple  cryflal§,  which  may  be  again  precipi- 
tated from  it  as  cryftals  by  volatile  alkali;  and  if  the 
folution  has  not  been  aided  by  heat,  fcarccly  any  of  the 
phofphorated  lime  will  be  found  blended  with  them. 

In  one  trial  the  triple  cryftals  exceeded  -j-^  of  tlie  quan- 
tity employed;  but  it  fecnied  unnecelfarv  to  determine 
the  cxa£l  proportion  which  they  bear  to  the  other  ingre- 
dienls  in  any  one  inllance,  as  that  proportion  mud 
vary  in  different  fpecimens  of  fuch  an  alTcmblage  of 
fubltances  not  clicmically  combined. 

Marine  acid  poured  on  the  remainder  diflblvcs  the 
phofphorated  lin)e,  leaving  a  verv  fmall  refiduum. 

This  is  foluble  in  cauftlc  vegetable  alkali  entirely,  and 
has  everv  other  property  of  mere  lithic  acid. 

The  prefence  of  volatile  alkali  in  the  compound  ftonc 
may  be  fliown  in  various  ways. 

7.  In  the  diftillation  of  this  flonc,  there  arifes  firfl 
volatile  alkali  in  great  abundance,  a  little  fetid  oil,  and 
lithic  acid.  There  remains  a  large  proportion  charred. 
Water  poured  upon  the  remaining  coal  dilTolves  an  ex- 
tremely iiTiall  quantity  oi'  a  lalt,  apparently  conmion  fait, 
but  too  miiuite  for  accurate  examination.  Dillilled  vi- 
negar dilfolves  no  part  of  it,  even  when  powdered.  Ma- 
i;inc  acid  dilfolves  the  phofphorated  lime  and  phofpho- 
rated magnefia,  leaving  notliing  but  a  little  charcoal. 
From  this  folution,  vitriolic  acid  occafions  a  precipitate 
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of  felenite,  after  which  triple  cryflals  may  be  formed  by 
addition  of  volatile  alcali. 

8.  Marine  acid  alfo  a£ts  readily  upon  a  fragment  of 
the  ftone,  leaving  only  yellowifh  laminae  of  lithic  acid. 
When  the  folution  has  been  evaporated  to  drynefs,  fal 
ammoniac  may  be  fublimed  from  it ;  and  the  two  phof- 
phorated  earths  are  found  combined  with  more  or  lefs, 
of  marine  acid,  according  to  the  degree  of  heat  em- 
ployed. If  the  proportion  of  the  earth  is  wiflied  to  be 
afcertained,  acid  of  fugar  will  feparate  them  mofl  effec- 
tually, by  diflblving  .the  phofphoratcd  magnefia^  and 
forming  an  infoluble  compound  with  the  lime. 

9.  Cauflic  vegetable  alkali  has  but  little  effeft  upon 
the  entire  ftone,  but  if  heated  upon  the  ftone  in  powder, 
a  ftrong  effervefcence  takes  place  from  the  efcape  of  al- 
kaline air,  and  the  menftruum  is  found  to  contain  lithic 
acid  precipitable  by  any  other  acid.  Some  phofphoric 
acid  alfo,  from  a  partial  decompofition  of  the  triple 
cryftals,  isdetefted  by  nitrated  quickfilver. 

10.  The  triple  cryftals  alone  are  fcarcely  fufible  under 
the  blow-pipe ;  phofphoratcd  lime  proves  ftill  more  re- 
fra61;ory;  but  mixtures  of  the  two  are  extremely  fufible, 
which  explains  the  fufibility  of  the  calculus. 

The  appearance  of  the   lithic   ftrata,    and  the  fmall 

proportion  they  bear  to  the  other  ingredients,  Ihow  that 

they  are  not  an  effential  part,  but  an  accidental  depofit, 

that  would  be  formed  on  any  extraneous  fubftance  in  the 

bladder,  and  which  probably  in  this  inflance  concretes 

during   any  temporary  interval   that  may  occur  in  the 

formation  of  the  crvftals. 

» 

Mulberry  calculus.     This  ftone,  thouffh  by  no   means  .,  „ 

•^  .  .  Mulberry 

overlooked,  and  though  pointed  out  as   different  from  calculus. 

other  fpecies,  has  not,  according  to  Dr.  Wollafton,  been 

fubje6ted  to  any  farther  analyfis  than  is  given  bv  Dr. 
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Dawfon,  (2d  vol.  Med.  Trauf.)  who  found  that  hu 
lixivium  had  little  or  no  effc6l  upon  it;  and  by  Lane, 
(Phil.  Tranf.)  who,  among  other  fimple  and  compound 
flones,  gives  an  account  of  the  comparative  effe£ls  of  lixi- 
vium and  heat  upon  a  few  fpecimens  of  mulberry  calcu- 
lus, viz.  (No.  7,  8,  9,  10;)  but  neither  of  thefe  writers 
attempted  to  afcertain  tlie  conflituent  parts. 

Though  the  name  has  been  confined  to  fuch  ftones  as, 
from  their  irregular  knotted  furface  and  dark  colour,  bear 
a  diftant  refemblance  to  that  fruit.  Dr.  Wollallon  has 
found  the  fpecies,  chemically  confidered,  to  be  more  cx- 
tenfive,  comprehending  fome  of  the  fmootheft  ftones  to 
be  met  with,  one  of  which  in  his  pofleflion  is  of  a  much 
lighter  colour^  fo  as  to  refemble  in  hue,  as  well  as  in 
fmoothnefs,  the  furface  of  a  hemp-feed.  From  this  cir- 
cumftance  it  appears  probable  to  this  chemift,  that  the 
darknefs  of  irregular  ftones  may  have  arifen  from  blood 
voided  in  confequence  of  their  roughnefs. 

The  fmooth  calculus  was  found  to  confift  of  lime 
united  with  the  acids  of  fugar  and  of  phofphorus.  The 
rougher  fpecimens  have  generally  more  lithic  acid  in  their 
interfticeSi 

1.  Cauftic  vegetable  alcali  acquires  a  flight  tinge  from 
a  fragment  of  this  kind  of  ftone,  but  will  not  diflblve  it. 
When  powdered  it  is  thereby  purified  from  any  quantity 
of  lithic  acid  that  it  may  contain.  Phofphoric  acid  will 
then  diflblve  the  phofphorated  lime,  and  the  remain- 
der, after  being  walhed,  may  be  dccompofed  by  the  vitri- 
olic. The  affinity  of  this  acid  for  a  certain  proportion 
of  lime,  is  fuperior  even  to  that  of  acid  of  fugar;  felenite  is 
formed,  and  the  acid  of  fugar  may  be  cryftallized,  and  by 
the  form  of  it's  cryftals  recognized,  as  well  as  by  every 
other  property.  It  is  eafily  foluble,  occafions  a  precipi- 
tate from  lime  water,  and  from  a  folution  of  felenite^  and 
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With  mineral  alkali   forms  a  fait  that  requires  a  large 
quantity  of  water  for  it's  folution. 

2.  When  the  ftone  has  been  finely  powderedj  marine 
acid  will  ilowly  diflTolve  all  but  any  fniall  quantity  of  li- 
thic  matter  which  it  may  contain.  After  the  folution  has 
been  evaporated  to  drynefs,  no  part  is  then  foluble  in  wa- 
ter, the  marine  acid  being  wholly  expelled.  When  the 
dried  rnafs  is  diftilied  with  a  greater  heat,  the  faccharioe 
acid  is  decompofed,  and  afublimate  formed,  flill  acid  and 
ftill  cryftallizable,  but  much  lefs  foluble  in  water,  and 
which  does  not  precipitate  lime  from  limewater.  After 
diftillation,  the  remainder  contains  phofphorated  lime, 
pure  lime  and  charcoal,  and  when  calcined  in  the  open 
air,  the  charcoal  is  confumed  and  the  whole  reduced  to 
a  white  powder.  The  two  former  may  be  diflblved  in 
marine  acid,  which,  when  evaporated  to  drynefs,  will  be 
retained  only  by  the  lime;  fo  that  water  will  then  fepa- 
rate  the  mUriated  lime,  and  the  phofphorated  may  after- 
wards be  fubmitted  to  the  ufual  analyfis. 

Bone  earth  calcuhfs.  Befidcs  that  of  Scheele,  and  the  calculus. 
two  already  noticed,  there  is,  according  to  Dr.  WoUaf- 
ton,  alfo  a  fourth  fpecies  of  calculus  oc/^afionally  formed 
in  the  bladder,  dlftlnft  in  it's  appearance,  and  differing 
in  it's  component  parts  from  thereft,  for  it  confifls  en- 
tirely of  phofphorated  lime.  It's  furface  is  generally  of 
a  pale  brown,  and  fo  fmooth  as  to  appear  poliflied  ;  when 
fawed  through,  it  is  formed  very  regularly,  laminated, 
and  the  lamince  in  general  adhere  fo  (lightly  to  each 
other  as  to  feparate  with  eafe  into  concentric  crufts.  In 
a  fpecimen  from  Dr.  Baillie,  each  lamina  is  (ituated  in  a 
direction  perpendicular  to  the  furface,  as  from  an  affem- 
blage  of  cryftallized  fibres.  ^ 

This  calculus  diflblves  entirely,  though  flowly,  in  ma- 
rhic  or  nitroUs  acid,  and,  confifting  of  the  fame  elements 
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as  earth  ot*  bones,  may  undergo  a  fimilar  analyfis,  iinne- 
celVary  to  particularize. 

By  the  blowpipe  it  is  immediately  dircovcred  to  differ 
iVom  other  urinary  calculi  j  it  is  at  firft  flightly  changed, 
but; foon  becomes  perfe»Stly  white,  ftill  retaining  it's  form 
till  urced  with  the  utmoft  heat  from  a  common  blowpipe, 
when  it  may  at  length  be  completely  fufed.  But  even 
this  degree  of  fufibility  is  fuperior  to  that  of  bones. 
The  difference  confifts  in  an  excefs  of  calcareous  earth 
contained  in  bones,  which  renders  them  lefs  fiifible. 
This  redundant  proportion  of  lime  in  bones  renders  them 
alfo  more  readily  foluble  in  marine  acid,  and  may,  by 
evaporation  of  fuch  a  folution,  be  feparated,  as  in  the  lad 
experiment  upon  mulberry  calculus.  The  remaining 
phofphorated  lime  may  be  rediffolvcd  by  a  frefh  addition 
of  marine  acid,,  and  being  now  freed  from  redundant 
Jime,  will,  upon  evaporation  of  the  marine  acid,  affume 
a  cryflallinc  form.  As  the  laminated  calculus  contains 
110  excefs  of  lime  that  will  at  once  yield  fuch  cryftals, 
their  appearance  is  defcribed  in  the  account  of  the  calcu- 
lus of  the  proftate  gland,  by  this  chemift,  and  in  the  firft 
experiment. 
Ltthror-  With  rcfpccl  to  the  remedies  for  this  difeafe.  Dr.  Wol- 

tnptics.  lafton  is  of  opinion,  that  when  a  calculus  is  difcovered 
by  the  eracuations  to  be  of  the  fufible  kind,  there,  ap- 
pears a  more  favourable  profpe(9:  of  relief  than  with  re- 
fpeft  to  the  mulberry  calculus ;  for  any  acid  that  is  carried 
to  the  bladder  will  a6l  upon  the  triple  cryilals,  and  moft 
acids  will  alfo  diffolvethe  phofphorated  lirrie,  whilfl  alca- 
lis,  on  the  contrary,  would  rather  have  a  tendency  to  add 
to  the  difeafe.  Befides  this  fpecies,  the  fufible  calculus 
has  afforded  decifive  marks  of  it's  prefence  in  the  cafe 
which  furnifhed  this  chemift  with  his  fpecimen  of  triple 
cryftals,  and  by  the  defcription  given  by  Forbes  (in  his 


CONCRETIONS. 


309 


Treatlfe  upon  Gravel  and  Gout,  ed.  J 793.  p.  65.)  of  a 
white  cryftallized  precipitate,  no  doubt  is  entertained 
that  his  patient  laboured  under  that  variety  of  the  difeafe. 

With  refpe6t  to  the  mulberry  calculus,  it  appears,  that 
an  intimate  knowledge  of  it's  properties  will  leave  but 
fmall  profpe£t  of  relief  from  any  folvent ;  but  by  tracing 
the  fource  of  the  difeafe  fome  hopes  may  be  entertained 
of  preventing  it.  As  the  faccharine  acid  is  known  to  be 
a  natural  praduft  of  a  fpecies  of  oxalis,  it  feems  more 
probable  that  it  is  contained  in  fome  other  vegetables,  or 
their  fruits  taken  as  aliment,  than  produced  by  the  digef- 
tive  powers,  or  fecreted  by  any  difeafed  a6i:ion  of  the 
kidneys.  The  nutriment  would  therefore  become  a  fub- 
je6t  of  minute  inquiry^  rather  than  any  fuppofed  defe6l 
of  affimilation  or  fecretion. 

As  to  the  bone  earth  calculus,  although  fo  nearly  ki- 
lled to  that  of  the  pre/iate,  it  is  flill  manifeflly  different, 
and  cannot  be  fuppofed  to  originate  from  that  fource ; 
but  if  ever  the  drinking  of  water  impregnated  with  cal- 
careous earth  gave  rife  to  ftone  in  the  bladder.  Dr. 
Wollafton  thinks,  that  this  would  moft  probably  be  the 
kind  generated,  and  that  the  remedy  muft  evidently  be  of 
an  acid  nature. 

Although  from  want  of  fufScient  attention  to  the  vari- 
eties of  fediment  from  urine,  and  want  of  information 
with  regard  to  the  diverfity  of  urinary  calculi,  the  depo- 
fits  peculiar  to  each  fecretion  are  yet  unknown  ;  it  feems 
probable  to  this  chemift,  that  no  long  courfe  of  obferva- 
tion  would  be  neceflary  to  afcertain  with  what  fpecies 
any  individual  may  be  afHi6led. 

The  lithic,  which  is  by  far  the  moft  prevalent,  fortu- 
nately affords  great  variety  of  proofs  of  it's  prefence. 
Particles  of  red  fand  (as  they  are  called)  are  it's  cryftals. 
Fragments  alfo  of  larger  maffes  and  fmall  ftones  are  fre- 
quently pafTed,  and  it  is  probable  that  the  majority  of  ap- 
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pearances  in  the  tirlnc,   called  purulent,   are  either  the 
acid   itfclf  precipitated   too   quickly  to   cryftallize,  or  a 
neutral  compound  of  that  acid   with   one  of  the   fixed 
alcalis. 
Pi.Pearfon.      The  experiments  and  obfervations  which  Dr.  Pearfon 
has  made  on  this  fubjeft,  are  principally  on  a  fubftance 
which  he  has  found  to  be  very  generally  a  conftituent  part 
of  both   urinary  and   arthritic   concretions.     This  fub- 
ftance is  obtained  by  diflblving  it  out  of  thefe  concretions, 
by  lye  of  cauftic  fixed  alkali,  and  precipitating  it  from  the 
folution   by    acids.      This  was   the    method  by  which 
Scheele  feparated  it;  but  according  to  Dr.  Pearfon,  he 
did  not  confidcr   it's  importance,    nor  of  courfe  invcfti- 
gate  it's  properties  ;  he  even  does  not  feem  to  have  been 
aware  of  it's  being  a  diftinft  conftituent  part  of  the  uri- 
nary concretion,  for  when  he  relates  the  experiments  of 
precipitating  matter  from  the  nitric  folution  of  calculus 
by  metallic  falts,  no  diftin6lion  is  made  between  the  pre- 
cipitations in  this  experiment  and   that  in   the  former, 
yet  Dr.  Pearfon  fliows,  that  in  the  one  cafe  the  precipi- 
tate is  a  peculiar  animal  oxyd,  and  in  the  other  they  are 
metallic  phofphats. 

As  Scheele  obtained  an  acid  fublimate,  it  has  been  ima- 
gined  by  fome  writers,  that  the  precipitate  by  any  acid 
(even  by  the  carbonic)  from  the  alkaline  nienftruum  was 
an  acid,  the  fame  as  that  obtained   by  fublimation,  and 
which,  in  the  new  fyftcm  of  chemiftry,  has  been  deno- 
minated iithic  ncid;  but  the   experiments  of  Dr.  Pearfon 
Ihow  that  thefe  fubftances  are  different  fpecics  of  matter. 
The  calculi  he  made  ufe  of  were  of  two  forts :  the  one 
was  white,  fmooth,  and  lamellated  ;  the  other  of  a  nut- 
brown  colour,  with  an  uneven  furface ;  both  were  round- 
iftl,  and  the  powder  of  both  mixed  together. 
Difcovers  a      The  precipitate  obtained  by  the   folution  of  this  pow- 
animai        der  in  lye  of  cauftic  foda,  and  the  addition  of  diluted  ful- 
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phuric  acid  to  faturate  the  alkali,  when  waflied  and  dried,  o'^yd.cal'cd 

...  uric  oxyd. 

was  a  mafs  of  very  light,  whitifh  cryftal,  refembling 
mica,  and. after  having  been  fubmitted  to  examination 
by  chemical  means,  afforded  the  following  conclufions 
as  the  mod  obvious. 

1.  It  appears  that  at  lead  one  half  of  the  matter  of 
the  urinary  concretions  united  to  cauftic  foda,  &c.  is 
precipitated  from  it  by  acids. 

2.  This  precipitate  does  not  indicate  acidity  to  the  moft 
delicate  tefts ;  and  as  it  is  inodorous,  taftelefs,  and  fcarcely 
foluble  in  cold  water,  does  not  unite  to  the  alkali  of 
carbonat  of  potafh,  of  foda,  or  of  amoniac,  nor  to 
oxyd  of  mercury,  nor  to  the  lime  of  lime  water,  nor 
decompound  foaps,  or  pruffiate  of  iron  ;  and  as  its  com- 
bination with  cauftic  foda  refembles  foap,  more  than 
any  other  double  fait  known  to  confift  of  an  acid  and 
alkali,  this   precipitate  does  not   belong  to  the  genus 

'  acid. 

3.  As  this  precipitate  could  not  be  fublimed,  without 
being  decompounded,  like  animal  matter,  and  alfo  for 
the  above  reafon,  it  cannot  be  the  fame  thing  as  the 
ac'idfubUmate  of  Scheele,  or  the  fuccinic  acid. 

4.  As  it  does  not  appear  to  be  precipitable,  nor  form 
a  vifcid  folution  with  water,  it  cannot  be  referred  to 
the  animal  mucilages, 

5.  On  account  of  it's  manner  of  burnins  in  the  air 
imder  the  blow-pipe,  and  it's  yielding,  on  expofure  to 
fire  in  clofe  veflels,  the  diftinguifliing  produ6ls  of  animal 
matter,  (efpecially  ammonia  and  pruffic  acid)  as  well  as 
on  account  of  it's  affording  a  foap-like  matter  with  cauftic 
foda.  Dr.  Pearfon  confiders  this  precipitate  as  a  fpecies 
of  animal  matter  j  and  from  it's  compofition  being 
analogous  to  that  of  the  fubftances  called  in  the  new 
chemiftry  ^«/W/  oxyds,  ..X\\2,i  it  belongs  to  this  genus. 
It's  peculiar  ;i^d  fpecific  diftinguifliing  properties  are 

X  4 


812  CONCRETIONS. 

hiputref.ihUity^  facility  of  cryflaUization,  itifoluUlity  in  cold 
watgr^  and  that  mofl:  remarkable  property  of  all  others, 
f.roduci7ig  a  pink  or  red  matter,  on  evaporation  of  it'sfolution 
in  niirie  acuL 

Having  found  this  precipitate  to  be  an  oxyd,  and  not, 
as  commonly  fuppofed,  an  acid,  this  chemift  thought  it 
probable,  that,  like  other  analogoHS  oxyds,  it  was  acidtfi- 
abli  ;  but  after  making  the  attempt  to  effe£t  this  by  means 
of  the  oxymuriatic,  the  nitro-muriatic,  and  the  nitric 
acid,  which  arc  capable  of  acidifying  fimilar  oxyds,  his 
hopes  of  acidifying  this  animal  oxyd  were  exploded  :  he 
v/as  however  indebted  to  that  purfuit  for  the  curious  dif- 
covery  of  the  change  of  this  nioft  common  bafis  of  uri- 
nary concretions  (the  animal  oxyd)  into  ammonia  and 
carbonic  acid,  by  the  oxygen  of  the  above  acids,  which 
will  be  found  extremely  important  in  the  explication  of 
feveral  phenomena.  For  it  now  appears,  according  to 
this  chemift,  that  the  inflammation  on  evaporation  of 
the  nitric  folution  of  this  animal  oxyd,  arofe  from  the 
nitratof  amonia,  \hQnitrumfla?nmans  of  the  old  chemifts, 
compounded  in  the  experiment.  This  inflammation  alfo 
fometimes  takes  place,  on  evaporation  of  nitric  folutions, 
both  of  urinary  concretions,  and  of  urine  itfclf  evapo- 
rated to  the  ftate  of  foft  extra£l,  on  account  of  the  am- 
monia already  exifting  in  the  fubftances.  The  compo- 
lition  of  ammonia  alfo  explains  the  difappearance  of  the 
whole  matter  of  fome  forts  of  urinary  concretions,  a 
very  fmall  rcfidue  of  black  matter  excepted,  by  repeated 
affufion  and  evaporation  of  nitric  acid,  from  the  folution 
of  them  in  this  menftruum. 

With  refpcft  to  the  matter  which  remained  on  the 
flrainer,  after  the  filtration  of  the  folution  of  the  pow- 
dered calculus  in  the  ive  of  caultic  foda,  it  was  on  being 
dried  an  impalpable  white,  taftelefs,  heavy  powder,  and 
Oil  being  fubmitted  to  experiment,  appealed  to  confifl  of 
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phofphat  of  lime  ;  accordingly  three  hundred  grains  of 
lirinary  concretions  examined  by  Dr.  Pearfon  appear  to 
have  contained  of  Grains 

Peculiar  animal  oxyd         175  " 

phofphat  of  lime       5S 

ammonia  (and  moll  probably  phofphoric  acid 
united  to  the  ammonia)  water,  and  common 
mucilageof  urine,  not  collected  and  weighed, 
by  eftimation     29 


300 
The  next  objeft  of  this  chemift  was  to  obtain  the  acid 
fublimate  of  Scheele,  or  lithic  acid,  as  it  has  been  called, 
and  to  compare   it  with  the  before  mentioned  animal 
oxyd. 

Having  taken  100  grains  of  an  urinary  concretion 
which  had  been  previoufly  found  to  contain  principally 
the  above  animal  oxyd,  they  were  expofed  in  a  tube  for 
that  purpofe  to  the  fire,  firft  to  a  low  temperature,  and 
gradually  to  a  very  elevated  one;  by  which  means,  befides 
a  gas  amounting  to  24  oz.,  which  confided  of  nearly 
16  of  carbonic  acid  gas,  and  air  with  a  larger  proportion 
of  nitrogen  gas  than  is  found  in  atmofphcric  air,  an  of- 
fenfive  fmell  of  empyreumalic  animal  oil  mixed  with  that 
of  pruflic  acid,  20  grains  of  a  brown  fublimate  of  carbo- 
nat  of  ammonia  and  a  refidue  of  30  grains  of  an  almoft 
pure  carbon,  with  10  grains  of  heavy  black  and  brown 
matter,  in  v^'hich  were  many  fmall  white  fpiculce,  a  dark 
gray  matter  was  obtained  which  weighed  15  grains.  It 
had  been  raifed  about  half  an  inch  above  the  carbona- 
ceous refidue.  This  fablimcd  gray  matter  on  examina- 
tion was  found  not  to  contain  any  ammonia,  nor  throw 
down  any  pruinat  of  iron  with  fulphat  of  iron.  It  red- 
dened turnfole  paper  and  tinfture.  It  was  foluble  in 
cauRic  foda,  from  v^hich  folution  miiriatic  acid  gave  no 
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precipitate,  for  although  on  dropping  it  into  the  folution, 
a  milkinefs  appeared,  the  liquid  foon  grew  clear  again. 

Ten  grains  of  this  fubliniatc  diffolved  in  four  ounces  of 
boiling  water,  and  on  evaporation  to  half  an  ounce,  a  co- 
pious depofit  took  place,  on  cooling,  of  white  fpiculce, 
which  Dr.  Pearfon  thinks,  are  analogous  to  benzoic  acid. 
The  fublimate  had  a  (harp,  but  not  four  tafte.  Being 
boiled  in  muriatic  and  nitric  acids,  no  folution  took 
place,  and  what  is  more  particularly  to  be  obferved  is, 
that  it  left  no  red  or  pink  matter  on  evaporating  the  ni- 
tric acid  from  it.  The  fulphuric  acid  only  diflblved  by 
the  acid  of  heat,  without  eftervefcence,  from  which  no- 
thing was  precipitated  by  cauflic  foda;  on  evaporating 
the  folution  to  drynefs,  black  fumes  arofe,  leaving  behind 
■  only  a  black  flain.  This  fublimcd  matter  did  not  render 
limcwater  turbid.  Boiled  in  muriatic  acid,  fo  as  to  carry 
off  all  but  a  very  little  free  acid;  on  the  addition  of  lime- 
water,  there  was  no  turbid  appearance,  but  milkinefs  en- 
fued  on  adding  oxalic  acid.  The  whole  of  this  fubli- 
mate, with  the  fpiculoe,  in  the  ten  grains  before  menr- 
tioned,  which  appeared  to  be  of  the  fame  nature, 
amounted  by  eflimation  to  18  grains;  and  Dr.  Peaxfon 
looks  upon  this  to  be  the  acid  fublimate  of  Scheele. 

This  experiment  was  repeated  a  fourth  time,  and  af- 
fords evidence,  according  to  this  chemift,  of  the  wide  dif- 
ference between  the  animal  oxyd  and  the  acid  fublimate 
of  Scheele. 

If  this  conclufion  be  allowed  to  be  juft,  it  will  be  ne- 
ceflary  to  give  a  name  to  this  urinary  animal  oxyd. 
Agreeably  to  the  principles  of  the  now  chemical  nomen- 
clature, the  name  (hould  be  lithic  oxvd.  But  the  term 
lithic  this  chemifl:  conceives  to  be  a  grofs  folecifm,  and 
he  prefers  the  name  of  ouric  or  uric  oxyd',  and  although 
it's  exiQence  in  arthritic  as  well  as  in  urinary  concretions 
may  be  an  objection,  dill  from  it's  being  found  in  greater 
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abundance  by  far  in  the  urinary  paffages  than  in  other 
fituations,  and  therefore  falUng  under  common  obferva- 
tion  as  an  ingredient  in  the  urine,  philology  may  allow 
it's  admiffion. 

The  preceding  fafts  and  experiments  are  applicable  to  a 
variety  of  ufes  in   chemical  inveftigation  ;   fince  we  are 
now  not  only  able  to  deteft  in  the  eafieft  manner  the 
prefence  of  the  minuteft  proportion  of  the  above  animal 
oxyd  in  urinary  concretions,  and  alfo  in  other  fubftances, 
but  even  to  determine  it's  proportion  to  the  other  confli- 
tuent  parts,  in  the  fpace  of  a  few  minutes,  in  moft  cafes, 
and  in  all  in  a  very  little  time ;  without  any  other  appara- 
tus than  nitric  acid,  a  round  bottomed  matrafs  or  glafs 
.  difh,  and  a  lamp }  by  which  method  Dr.  Pearfon  has  ex- 
amined above  -300  fpecimens  of  concretions  of  the  hu- 
man fubje6l  and  other  animals,  principally  urinary,  and 
alfo  many  other  from  other  parts,  particularly  thofe  from 
the  joints,  and  he  found, 

1 .  That  out  of  200  fpecimens  of  urinary  calculi,  not 
more  than  fix  did  not  contain  the  animal  oxyd,  /.  e. 
about  32  out  of  33  contained  it. 

2.  That  the  proportion  of  this  oxyd  was  very  different, 
varying  from  ^i^  (exclufive  of  water)  to  i%l ;  but  for  the 
mofl  part,  varying  between  tVo  and  l%l,  for  in  fomc  the 
interior  part  contained  this  oxyd,  and  the  exterior  part 
not,  whilft  in  others  on  the  contrary,  the  exterior  did, 
and  the  interior  did  not. 

3.  That  the  common  animal  mucilage  of  urine  is  fre- 
quently found  in  concretions,  in  very  different  propor- 
tions, but  is,  perhaps,  never  a  principal  conflituent  part 
of  them. 

4.  That  the  animal  oxyd  was  not  prcfent  in  the  urinary 
or  any  other  copcretions  of  any  animal  but  the  human 
kind. 
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5.  That  this  animal  oxyd  is  prefent  alfo  in  human  ar- 
thritic calculi,  but  not  in  thofe  of  the  teeth,  ftomach,  in- 
teftine?,  lungs,  brains,  &c. 

From  thefe  experiments  on  the  acid  fublimate,  it  ap- 
pears very  doubtful  to  this  chemiR,  whether  the  lithic 
acid  of  Scheele  exifts  as  a  conftituent  of  urinary  concre- 
tions, or  is  compounded  in  confequcnce  of  a  new  ar- 
rangement taking  place  of  the  elementary'  matters  of 
the  concretion,  by  the  agency  of  fire ;  but  it  is  demon- 
ftrated,  that  the  urinary  animal  oxyd  is  really  a  conftitu- 
ent part,  and  even  a  principal  one,  of  almoft  all  humart 
urinary  calculi. 

Befide  the  analyfis  of  the  human  calculus,  we  are  in- 
debted to  the  fame  ingenious  chcmift  for  fome  experi- 
ments and  obfervations  on  the  urinary  calculi  of  the  dog, 
the  rabbit,  and  the-horfe. 

^,    ,       ,      1.  Urinary  calculus  of  the  doV.     This  calculus  maybe 

CeIcuIus  of  ■'  •'       .  . 

the  dug,      looked  upon  as  a  great  curiofity,  being,  perhaps,  the  only 

fpecimen  in  London.     The  animal  was  in  perfect  health, 

and  differed  by  H.  Leigh  Thomas. 

It's  furface  is  oval,  3|-  inches  in  length,  and  three  in 
breadth,  white  as  chalk,  and  rough  and  uneven  on  it's 
furface.  No  nucleus  was  found  on  being  favved  through, 
it  was  not  laminated,  but  near  the  centre  radiated,  and  it 
contained  {IVm'mg  J'pictda.  In  the  other  parts  it  was  ge- 
i^erally  compact  and  uniform  in  it's  texture.  It  weighed 
nearly  10  ounces  and  a  half.  It's  fpecifie  gravity  was 
greater  than  that  of  human  urinary  concretions  in  gene- 
ral, which  this  chemift  has  learned  to  be  the  cafe  from 
experience,  with  refpeft  to  the  urinary  and  intefiinal  con- 
cretions of  other  brute  animals,  efpecially  thofe  of  the 
horfe. 

The  fpecifie  gravity  of  the  prefent  calculus  was  1,7. 

That  of  a  human  urinary  calculus  called  mulberry  cal« 
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cuius,  which  confifted  almoft  entirely  of  uric  oxyd,  was 
I5609,  and  that  of  another  of  the  fame  conipofltion,  but 
quite  fmooth,  and  extracted  by  Ford,  was  1,571. 

1.  The  prefent  calculus  of  the  dog  had  no  tafte,  nor 
fmell,  till  expofed  to  the  fire. 

2.  Expofed  to  the  blowpipe  it  firft  became  black,  and 
emitted  the  fmell  of  common  animal  matter ;  it  next 
fmelled  ftrongly  of  empyreumatic  liquor  cornu  cervi,  and 
after  burning  fome  time,  bedame  inodorous  and  white, 
and  readily  meltedj  like  fuperphofphat  of  lime. 

3.  Triturated  with  lye  of  cauftic  foda,  there  was  a  co- 
pious difcharge  of  ammonia. 

4.  It  formed  a  clear  and  colourlefs  folution,  oh  boiling 
in  nitrous  acid,  and  evaporated  to  drynefs  left  arefidue  of 
white  bitter  matter,  which  emitted  a  weak  fmell  of  ani- 
mal matter  under  the  blowpipe. 

5.  A  mixture  of  150  grains  of  the  powdered  calculus, 
and  3  pints  and  a  half  of  pure  water,  being  diftilled  to 
three  ounces,  the  liquor  contained  only  a  little  ammonia. 
The  three  ounces  of  refiduary  liquor  being  filtered  and 
evaporated,  gave  20  grains  of  phofphat  of  ammonia, 
with  a  little  animal  matter,  and  the  refiduary  undilTolved 
matter  amounted  to  67  grains. 

6.  Thefe  67  grains  being  triturated  with  four  ounces  of 
cauftic  foda  lye,  difcharged  very  little  ammonia.  Thev 
likewife  afforded  phofphat  of  lime  and  animal  matter. 

7.  This  refiduary  infoluble  fubftance  in  cauftic  lye, 
under  the  blowpipe,  firft  turned  black,  and  then  grew 
white,  but  could  not  be  melted. 

Thefe  experiments  demonftrate,  that  the  above  concre- 
tion contained  none  of  the  uric  oxyd,  but  was  compofed, 
principally  at  leaft,  of  phofphats  of  lime  and  ammonia, 
and  animal  matter. 

The  prefent  inftance  leads  this  chemift  to  explain  the 
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reafoii  of  the  fufibllity  of  calculi.  The  above  experi- 
ments prove  it  to  depend  on  the  difcharge  and  dccompo- 
filion  of  the  ammonia  of  the  phofphat  of  ammonia, 
during  the  burning  away  of  the  animal  matter  ;  hence 
the  rcfiduary  phofphoric  acid  readily  fufes,  and  uniting  to 
the  phofphat  of  lime,  compofcs  fuperphofphat  of  lime, 
a  very  fufible  fubftance.  The  phofphat  of  ammonia 
being  diffolved  by  water,  or  cauftic  alcaline  lye,  the  re- 
maining matter  is  infufible,  being  phofphat  of  lime. 

A  very  hard,  brittle,  and  blackifh  intellinal  calculus 
of  a  dog,  was  found  to  be  of  greater  fpccific  gravity  than 
human  urinary  calculi,  and  to  have  the  fame  compofition 
as  that  of  the  dog  above  defcriocd. 

This  alfo  was  found  to  be  the  compofition  of  a  white, 

fmooth,  round,  inteftinal  calculus  of  a  horfe,  the  fpccific 

gravity  of  which  was  1,791. 

Calculus  of      2.  Urinary  calculus  of  a  rabbit.     Dr.  Pcarfon  likewife 
a  rabbit.  .  -   . 

looks  upon  this  as  a  curiofity,  being  the  only  inftance  he 

has  feen.  The  animal  from  which  it  was  taken  was  vcrv 
fat  and  healthy. 

It's  form  was  fpherical,  and  of  the  fize  of  a  fmall  nut- 
meg. It's  colour  a  dark  brown,  it's  furface  fmooth,  and 
it's  confiftence  hard,  brittle  and  heavy.  When  broken, 
it  appeared  to  confifl  of  concentric  laminae.  It's  fpccific 
gravity  was  2.  It  lonfifted  principally  of  carbonat  of 
lime  and  common  animal  matter,  with,  perhaps,  a  very 
fmall  proportion  of  phofphoric  acid,  but  contained  no 
uric  oxyd. 
Calculu?  of  3.  Urinary  calculus  of  the  horfe.  This  chemifl  has  ex- 
^  "'  ^"  amined  feveral  fpecimens  in  cabinets,  faid  to  be  vefical 
calculi  of  this  quadruped,  and  he  found  none  of  them  to 
contain  the  uric  oxyd,  but  that  they  confided  (as  well  as 
the  calculi  from  the  lloniach  and  iutefi.ines  of  the  fame 
animal)  of  phofphat  of  lilne,  phofpliat  of  amniouia,  and 
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common  animal  matter,  which  meUed  like  fuperphof- 
phat  of  lime,  after  burning  away  the  animal  matter  and 
ammonia. 

This  concretion,  given  by  Dr.  Baillie,  was  of  a  black- 
ifli  colour,  very  hard  and  brittle  in  it's  confidence,  and 
without  fmell  or  lafte.  It  felt  heavier  than  human  uri- 
nary calculi.  From  the  experiments  of  this  chemift,  it 
appears,  that  like  the  former  calculus  from  a  rabbit, 
it  confided  of  carbonat  of  lime,  and  common  animal 
matter. 

A  renal  calculus  of  a  horfe,  in  Heavifide's  colle^llon, 
appeared,  on  examination,  to  confift  of  carbonat  of  lime 
and  common  animal  matter.  Another  fpecimen  of  the 
fame  fort  confided  of  phofphats  of  lime  and  ammonia, 
and  common  animal  matter.  It  fufed  under  the  blow- 
pipe. A  vefical  calculus  was  compofed  of  the  fame  in- 
gredients. 

Dr.  Pearfon  has  met  with  two  infta-nces  of  a  depofit  of 
a  prodigious  quantity  of  matter  in  the  urinary  bladder  of 
horfes,  which  had  not  crydallized,  or  even  concreted ;  it 
amounted  in  one  fpecimen  given  to  him  by  Dr.  Marfliali, 
to  feveral  pounds  weight,  and  in  the  other,  which  is  in 
the  poiTeffion  of  Home,  to  about  45  pounds.  It's  com- 
pofition  was  principally  carbonat  of  lime  and  common 
animal  matter. 

Such  depofits,  it  appears,  are  not  unfrequent. 
This  chemid  has  not  found  any  inftance  of  human 
urinary  calculi  of  fimilar  compofition  to  that  of  the  rab- 
bit, and  thofe  of  horfes,  above  defcri  bed,  which  confid  of 
carbonat  of  lime  and  animal  matter;  and  he  is  of  opi- 
nion, that  they  very  rarely  occur  of  a  fimilar  compofition 
to  thofe  of  th.e  dog  and  horfes,  which  were  found  to  con- 
fid  of  phofphai  of  ammonia>  phofphat  of  lime  and  ani- 
mal matter,  without  containing  urk  oxyi. 


350  CONCRETIONS 

The  dlflerence  in  the  conftitulion  of  urinary  concre- 
tions may  depend  on  the  difference  of  the  urinary  organs 
of  different  animals,  on  the  food  and  drihk,  and  on" the 
Tarious  difeafed  and  hcahhy  dates  of  the  urinary  organs. 

Dr.  Pearfon  has  not  found  the  uric  oxyd  in  the  urinary 
concretions  of  any  phytivorous  animal ;  but  whether  it 
be  formed  in  the  human  animal,  when  nouri(]:ed  merely 
bv  animal  matter,  muft  be  determined  by  future  obfcrva- 
tions.  He  found  the  ftomach  concretion,  called  oriental 
bezoar,  to  confifl  merely  of  vegetable'  matter,  as  did  the 
inteftinal  concretion  of  a  flieep. 
BrujnatelJi.  Brugnatelli,  upon  lubmitiing  different  kinds  of  calculi 
to  chemical  experiment,  found, 

ift.  That  all,  as  fcveral  chemifls  had  obferved,  were  in 
part  foluble  in  water,  when  caft  into  it  in  a  pulverized 
ftate  at  the  boiling  point.  The  filtered  folution,  whil ft 
warm,  was  of  a  yellow  colour.  The  portion  that  re- 
mained on  the  filter  was  not  entirely  foluble  in  frefli 
water, 

ed.  That  the  part  foluble  in  water  was  the  acidulous 
phofphat  of  lime,  which  he  found  to  exifl:  in  the  greateft 
number  of  white  cakuU. 

Brugnatelli  feems  furprifed  that  Scheele  and -Bergman, 
and  other  chemills  who  have  examined  this  fubftance, 
fhould  have  looked  upon  the  foluble  part  to  be  the  lithic 
acid,  and  that  Scheele  (liould  maintain  that  thefe  calculi 
contained  no  lime. 

Fourcroy,  however,  fupports  the  fa61:,  that  this  matter, 
foluble  in  water,  is  the  lilhic  acid,  and  he  never  met  with 
the  acidulous  phofphat  of  lime  in  the  concretions,  ex- 
cept in  one ;  it  is  the  lithic  acid  which  always,  in  the  fo- 
lution,  reddens  litmus. 

3d.  That  the  portion  of  the  vefical  calculus,  which  was 
not  diflblved  by  the  water,  contains  a  fubftance  abounding 
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in  the  oxalic  radical.  As  a  proof  oF  this,  he  poured 
fome  concentrated  nitric  acid  on  the  infoluble  refiduurh, 
which  it  dilToU'ed  with  a  little  effervcfccnce,  and  a  difen- 
o-agement  of  very  thick,  red,  nitrous  vapours.  There 
was  norefiduum.  The  folution  was  of  a  yellow  colour, 
and  ftained  the  (kin  of  a  rofe  colour,  which  difappcared 
on  touching;  it  with  the  nitric  acid.  On  pouring  into 
this  folution  fome  oxalic  acid,  there  was  no  vcftige  of  the 
prefence  of  lime.  There  was  no  turbidncfs.  Brugna- 
telli,  however,  did  not  conclude  from  this,  that  there  was 
none  of  this  earth,  havino;  found  lime  to  exift  in  faline 
combinations,  without  being  indicated  by  the  oxalic  acid. 

He  had  befides  obferved,  that  calculi  and  fediments  of 
urine,  when  treated  with  the  nitric  acid,  afforded  oxalic 
acid,  from  which  he  contended,  that  the  lime  was  in  a 
rtate  of  oxalaf ,  already  faturated,  and  taken  again  into  fo- 
lution by  the  nitric  acid.  In  fuch  a  cafe  the  oxalic  acid 
was  no  longer  capable  of  afting  on  the  lime. 

4th.  That  a  great  part  of  the  caloulus,  foluble  in  th(S 
nitric  acid,  is  converted  into  oxalic  acid.  As  a  proof  of 
this,  a  certain  quantitv  of  the  folution  of  the  refiduum  of 
the  calculus  in  nitric  acid  was  evaporated  until  the  en- 
tire difappearancc  of  the  nitric  acid,  and  afterwards  tried 
with  lime  water,  a  depofit  formed  as  if  it  had  beeii  with 
the  folution  of  pure  oxalic  acid. 

He  alfo  diOolved  the  refiduum  of  three  diitercnt  calculi 
in  concentrated  nitric  acid,  and  gradliallv  diflilled  the. 
three  folutions;  after  a  fufficient  concentration,  they  were 
placed  in  a  cool  place.  The  next  day  he  found  in  one  of 
them  fome  beautiful  cryftals  of  oXalic  acid,  with  a  por- 
tion of  thick  liquor,  from  which  he  could  not  exlr.i£l  anv 
more  crylials.  The  other  two  gave  no  appearance  of 
cryftallization,  although  the  liquors  contained  a- great  deal  o 
of  the  oxalic  acid  in  a  combined  ftate. 

He  decompofed.  bv  the  means  of  ammo:; 'a,  anclher 
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another  ponion  of  the  calculous  folution  by  the  nitric 
acid,  and  obtaiucd  a  cryllallized  precipitate  fomewhat 
tranfparent.  This  when  dried  was  of  a  iliining  while 
colour,  conipofed  of  fniail  laniellated  crvUals.  It's  fa- 
vour was  ratiicr  fliarp,  and  it  reddened  the  tin6lure  of 
Jitmus.  This  crvltalHnc  niafs  cafily  dilVolved  in  the  ni- 
tric acid,  of  which  it  deepened  the  colour;  in  diltilled 
water,  it  formed  a  turbid  folution  that  became  clear  on 
repofc,  and  dcpofitcd  a  little  white  matter  refembling 
lime.  This  folution  had  fcarcely  any  diltin£l  favour. 
The  oxalic  acid  did  not  render  it  turbid,  but  produced  a 
very  abundant  precipitate  in  the  lime  water,  which  was 
the  oxalat  of  lime. 

The  cryflals  feparated  bv  the  ammonia  from  the  ni- 
trous folution  of  the  calqulus,  appear  according  to  Dr. 
Bruo;natelli  to  be  the  acidulous  oxalat  of  lime.  Diftillcd 
water  feparated  the  free  acid.  He  neither  met  with  the 
oxalic  nor  the  prullic  acid  in  the  calculi  he  has  analyzed. 
The  faline  precipitate,  feparated  from  the  calculous  folu- 
tion in  the  Tiitric  acid  by  ammonia,  appears  to  dcfevve 
to  be  better  examined. 
Foiuci-oy  Fourcroy  and  Vauqnclin,    inllead  of  finding  urinary 

mieiin^""     calcuIi   conftantly  or   totally  formed  of  uric  acid  (lithic 
acid)   as  Scheele  had   announced,  or  phofphat  of  lime 
mixed  with  this  acid,  according  to  Hartenkeil  and  Pear- 
fon,  liave  difcovercd   from  their  numerous  experiments, 
newfubrtan- b^^'^^'*'  ^^^'  ^^^'^^  ^^'^^  ^"^   phofphat  of  lime,  five  other 

CCS  in  caL.   conditucnt  parts  which  were  unknown  before  to  exill  in 

villi.  ' 

human  urinary  calculi,  viz.  ammonia,  ammoniaco- 
magne{i;in  pholpiiat,  oxrdat  of  lime,  filcx,  and  an  ani- 
mal matter. 
The  afpecl  of  the  calculus  alone  is  almoft  always  fuf- 
gficient  to  inilicate  the  nature  of  it's  mafs,  when  it  is 
formed  of  only  one  fubftance,  or  of  the  different  flrata 
gf  which  it   is  compofed.     If  the  appearance  alone  be 
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not  fufficieht  to  give  an  exa^l  notion  of  it's  nature,  or 
that  of  it's  ftrata,  it  is  readily  known  by  means  of  a 
few  fmall  chemical  trials  to  be  related.  The  chemical 
charaAers  of  each  of  thefe  fubftances  are  fo  well  laid 
down  by  thefe  two  chemifts,  as  to  make  it  Impollible 
almoft  to  be  miftaken  in  them,  at  the  fame  time  it  gives 
rife  to  a  new  claffification  of  calculi,  according  to  their 
component  parts. 

Uric  acid^  for  an   account  of  which  vide  lithic  acid,  ^t  •       m 

'  ■'Uric  acid. 

art.  acids. 

Urat  of  ammonia.  This  is  more  rare  in  calculi  than  Uratof  am- 
the  uric  acid  ;  it  is  found  in  thin  flrata  of  a  texture  but  '"°"'*' 
little  cryftallized,  eafily  rubbed  down,  of  a  colour  re- 
fembling  coffee  with  milk,  very  rarely  alone,  often  mixed 
with  uric  acid,  or  with  phofphats  interpofed  between 
their  ftrata,  eafily  known  by  it's  rapid  folubility  in  the 
lye  of  cauftic  potafh,  during  which  there  is  an  extrica- 
tion of  ammonia,  whllft  pure  uric  acid  affords  none. 

Phofphat  of  Ihne.     This   is  found   of  a  white   colour, 

■"^  -^  .  .  .  .  Phofphat  of 

roughy  granular,  friable,  or  in  very  brittle  white  lirata,  lime. 
marking  the  hands,  paper  or  fluffs,  like  chalk,  breaking 
on  being  fawed,  infipld  to  the  tafte,  infoluble  in  water ; 
foluble  in  nitric,  muriatic,  and  even  in  the  acetous  acid, 
forming  acid  folutions,  precipitated  by  ammonia  and  the 
alkalis,  efpccially  by  the  oxalic  acid.  It  forms  white, 
friable,  earthlike  calculi,  or  the  calculous  ftrata  of  that 
nature.  It  is  never  alone  in  calculi ;  it  is  intimately  mixed 
with  a  gelatinous  animal  matter,  which  remains  in  the 
form  of  a  membrane,  when  fufpended  in  weak  acids  foas 
to  diffolve  the  faline  part ;  it  is  this  animal  matter  that  pro- 
duces the  coal  obtained  In  the  calcination  of  thefe  fpecies 
of  white  friable  calculi,  and  the  fatuous  odour  of  glue 
when  they  are  boiled  in  water.  Thefe  fpecies  of  calculi 
are  eafily  diffolved  in  the  bladder  by' muriatic  acid,  fo  , 
much  diluted  aS  fcarcely  to  be  fapld. 
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Pbcjphat  of  aininoniaco-magnefia.     This   is  white,  and 

fcmilranfparent,  lamellated,  with  fpathic  (Irata  fometimes 

Phofphai  of  cryftallizcd  in  piifms  or  in  the  form  of  cock's  comhs  on 

ammonia-  "... 

cc-magnc-  the  calcuh,  of  a  faint  fvvectifli  favour,  rcfembling  gyp- 
fcous  alabaftcr,  more  foluble  in  water  than  the  preceding 
fubllance,  very  fohible  in  the  weakeft  acids,  decompofed 
by  fixed  alcah,  which  difcngagcs  the  ammonia  and  preci- 
pitates the  magnefia.  It  never  forms  urinary  calcuh  of 
itfelf;  it  is  often  mixed  with  phofphat  of  lime,  always  in 
the  white  friable  calculi;  fometimes  it  covers  of  itfelf  a 
nucleus  of  uric  acid,  or  oxalat  of  lime.  The  fame  ani- 
mal gelatinous  matter  is  found  in  it  as  in  the  precedine. 
It  is  of  all  calculous  matter  the  moft  foluble,  by  an  in- 
,  jetlion  of  extremely  weak  and  diluted  muriatic  acid  into 
the  bladder. 

Oxalat  of  lime.  Thcfe  chemifis  found  it  forming  the 
lime.  °  ^O'''^  hdSys  of  the  mulberry  calculi,  fo  called  from  the  ine- 
quality of  their  furface,  and  their  blackifli  brown  colour. 
This  fait  is  combined  in  them  with'an  animal  matter  the 
moft  abundant  of  all  that  exift  in  calculi;  this  combi- 
nation is  very  denfe,  difficult  to  faw,  taking  the  form  of 
caps  placed  upon  each  other,  which  give  rife  to  projc6t- 
ing  tubercula,  as  it  were  dcpofited  on  a  common  centre; 
receiving  a  polifli  like  that  of  ivory;  diflufing  a  fatuous 
and  fpermatic  odour  on  being  cut  with  the  faw  ;  inter- 
nally of  a  <:ray  colour  ;  infoluble  and  not  to  be  decom- 
pofed in  alkalis;  foluble  in  nitric  acid,  even  when  weak, 
but  flowly,  and  with  ditlicultv;  only  to  be  decompofed  by 
the  carbonate  ofpotafli,  and  of  foda,  by  which  it  may 
be  analyzed,  leaving,  after  being  decompofed  and  burnt 
in  the  fire,  a  quicklime  which  is  cafilv  known.  Thefc 
nmlbirry  ca\c\.\\\,  which  arc  pretty  often  alone,  and  likewife 
often  covered  with  uric  acid  or  earthy  phofphats,  arc 
thofe  kinds  whicli  ought  the  piuil  to  refill  menllrua 
i'njet^ed  into  the  bladder. 
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Si/ex.  Thefe  chemifts  have  only  met  with  this  earth  Silex. 
twice  on  analyzing  300  calculi  with  great  exaftnefs  ; 
hence  it  rarely  enters  their  compofition.  It  is  found 
mixed  with  the  uric  acid,  and  with  earthy  phofphats  in 
calculi,  the  compofition  of  which  is  very  complicated. 
From  it's  being  fo  feldom  met  with,  it  can  fcarcely  be 
counted  amongft  the  number  of  calculous  materials. 

y^nimal  matter.     This,  which  accompanies  one  or  the  Animal 

.  .  matter. 

other  of  the  fix  preceding  materials,  and  which  feems  to 
form  their  gluten,  bond  or  cement,  appears  to  vary  ac- 
cording to  the  nature  of  thefe  materials,  and  may  be  the 
determining  caufe  of  the  precipitation  of  fome  or  of 
others ;  for  all,  except  the  oxalat  of  lime  which  appears 
to  be  a  real  morbific  matter,  are  the  natural  elements  of 
human  urine.  This  animal  matter  is  fometimes  in  the 
form  of  a  gelatin,  or  a  fort  of  albumen  ;  at  other  times 
analogous  to  thefe,  and  merits  a  further  inveftigation. 

The  old  method  of  claffing  urinary  calculi  was,  ac-  Ponrcroy 
cording   to    their  form,    colour,    fize,     furface,    &c.  ;  1^.^^  c^^Oifi- 
but  a  more   minute  invefi;igation  of  thejr   component  c^"*"- 
parts,  and  the  experiments  in  particular  of  Fourcroy  and 
Vauquelin,  have  induced  the  fird  of  thefe  cheraills  to 
form  them  into    12  fpecies.     On  looking  over  the  feven 
different  matters  which  conftitute  human  urinary  calculi,  ' 

and  feeing  the  confiancy  by  which  each  is  accompanied 
by  an  animal  fubftance,  it  appears  there  is  not  one  of  them 
that  is  formed  entirely  of  one  fpecies  of  matter;  and 
the  animal  fubftance  exifts  in  all,  and  forms  almofi;  al- 
ways it's  gluten;  befides,  as  it  has  not  fuch  influence 
as  to  give  them  any  fenfible  variety  in  their  properties, 
Fourcroy  has  not  included  it  in  his  claffification.  After 
havin(T  analyzed  more  than  600  human  urinary  calculi, 
and  marked  the  fads  this  analyfis  afforded,  he  has  dif- 
tinguiflied  them  into  three  genera,  ift.  Thofe  formed 
onlv  of  one  fubftance,  befides  the  animal  matter  which 
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unites  their  particles.  2cl.  Thofc  conipofcd  of  two  cal- 
culouft  fubdances.  3d.  Thofe  containing  more  than  two 
dificrent  fnbftances,  and  often  even  four.  Thefc  three 
genera  are  divided  into  12  fpecies.  Of  thefe  three  alone 
belong  to  the  flrft  genus. 

1.  The  firft  fpecies  are  thofe  compofed  of  urieacid. 

2.  The  fecond  of  urat  of  ammonia. 

3.  The  third  of  oxalatof  linio.  Neither  the  phofphat 
of  lime,  nor  the  phofphat  ot  ammoniaco-magnefia,  nor 
lilex,  has  been  vet  found  alone. 

There  are  feven  fpecies  in  the  fecond  genus,  /*.  r. 
among  thofe  calculi  formed  of  two  calculous  fubftances 
befides  the  animal  matter,  which  matter  renders  them 
ternary  mixtures,  as  it  rendered  the  firfl:  binary.  Thefc 
feven  fpecies  are  as  follows  : 

4.  The  firft  contains  uric  acid  and  earthy  phofphats  in 
very  diflinft  (Irata. 

5.  The  fecond,  uric  acid  and  earthy  phofphats  inti- 
mately mixed  together. 

6.  The  third,  urat  of  ammonia  and  phofphats  in  dif- 
tiu6l  flrata. 

7.  The  fourth.  The  two  preceding  materials  inti- 
n)ately  mixed. 

8.  The  fifth.  Earthy  phofphats  mixed  together  either 
intimately  or  in  their  llrata 

S.  The  fixth.  Oxalatof  lime  and  uric  acid  in  dif- 
tincl  ftrata. 

10.  The  feventl).  Oxalat  of  lime  and  earthy  phof- 
phats in  diftind  llrata. 

Laulv.  The  two  laft  fpecies  form  the  third  genus,  or 
thofe  calculi  containing  three  or  four  calculous  fub- 
ftances,   viz. 

11.  The  firft  contains  uric  acid  or  urat  of  ammonia, 
earthv  phofphats  and  oxalat  of  lime. 

12.  The  fecond.  Uric  acid,  ammoniacal  urat,  earthy 
phofphats  and  filex.  , 
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Such  is  the  clafllfication  which  this  chemift  has 
formed  of  the  various  human  in-inary  calcuh,  for  a  more 
detailed  account  of  which,  the  reader  is  direfted  to  his 
Syjilrne  des  ConnaiJJances  Chi?niqueSy  ilfc.  which  has  lately 
been  publiflicd. 

Calculus  of  a  pig.  This  was  found  in  the  bladder  of  a  Benhoidi. 
pig,  after  having  been  killed  hy  the  butcher.  It's  weight 
was  rather  more  than  three  decirirams,  it's  fpecific  gra-  Calculus  of 
vity  to  that  of  dillilled  water,  as  19,300  to  10,000.  It's  ^' *"  ^"'^' 
form  was  an  oblong  oval ;  it's  furface  fmooth,  without 
any  depreffion,  and  of  a  white  colour ;  it  was  pretty  ten- 
der, and  gave  way  to  the  knife.  When  divided  in  the 
middle,  the  external  ftratum  was  very  thin  and  furrounded 
it  on  all  parts,  but  was  much  thicker  towards  the  extre- 
mities of  it's  great  diameter,  than  to\vards  that  of  il'sfmall 
one,  without  (bowing  any  determinate  cryflallization; 
under  this  firft  ftratum  was  a  light  yellowifh  zone,  be- 
neath which  fome  beautiful  cryftah  of  a  perfe6l  whitenefs 
were  feen,  in  the  form  of  needles,  converging  from  the 
circumference  to  the  centre.  On  analylis,  this  calculus 
appeared  to  confift  of  phofphat  of  lime^  but  from  the 
fmallnefs  of  the  quantity,  Bertholdi  was  incapable  of 
determining  exactly  the  proportion  of  it's  conflituent 
parts. 

Calculus  renalis.  The  kidnevs,  like  the  bladder,  are  very 
fubjeft  to  be  the  feat  of  calculi,  and  as  they  are  perhaps 
the  moft  expofed  of  any  part  of  the  body  to  that  morbid 
afte6lion  under  which  concretions  are  found,  they  ought 
to  be  confidered  as  the  fource  from  which  the  vefical  cal- 
culus takes  it's  origin.  Indeed,  if  the  kidneys  be  conli- 
dered  as  the  natural  filters  of  the  urine,  it  may  feem 
fomewhat  extraordinary,  that  fuch  concretions  do  not 
take  place  much  oftener  than  they  do.  1  he  human 
frame  is  very  fnbjc6f  to  this  difeafe.  When  thefe  renal 
calculi  are  fmall,  they  are  forced  from  the  kidneys  by  the 
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urine,  dcfccnd  by  the  ureter?,  and  are  evacuated  under 
the  form  and  name  of  gra\t;l.  When  of  a  larger  fizc, 
they  prefs  againft  and  wound  the  canals  through  which 
they  pafs,  giving  rile  to  nephritic  pains,  voiding  of  blood, 
&c.  Often  after  having  been  forced  into  the  bladder, 
and  their  fize  preventing  them  from  pafling  through  the 
urethra,  they  become  the  nucleus  of  the  vefical  calculus, 
which  can  only  be  extricated  by  the  operation  of  litho- 
tomy. 

Sometimes  they  remain  in  the  kidneys,  increafe  in 
{^ze,  by  degrees,  from  a  fucceffivc  addition  of  feveral 
ilrata,  and  become  fo  large  as  to  occupy  all  the  canals 
jthrough  which  the  urine  is  conveyed  from  this  glandular 
vifcus.  In  thefe  cafes  the  renal  calculus  aflumcs  the 
ramified  forn;  of  the  internal  ftrudurc  of  the  kidney, 
the  confequences  of  which  are  very  long  difeafes,  without 
remedy,  very  acute  and  repeated  pains,  ifchuries,  dy- 
furies,  and  evacuations  of  blood  and  pus,  by  the  urethra. 
By  degrees,  the  fubllance  of  the  kidney  is  corroded  and 
deftroyed  by  the  preflure  and  continual  irritation  of  thefe 
fubftances,  and  at  laft  nothing  remains  but  a  membrane 
or  fort  of  bag  full  of  pus,  and  enclofing  the  calculus. 
This  dreadful  difeafe,  which  is  not  very  rare,  fometimcs 
continues  many  years;  it  even  fomctimes  is  prefent  with- 
out any  of  thofe  fymptoms  which  charafterize  it's  ex- 
idcnce  :  thus  the  \yorksof  anatom.ds,  and  particularly  of 
Morgagni,  give  the  hlRories  of  feveral  bodies,  which, 
on  diflesStion,  have  fhown  the  dellruclion  of  one  of  the 
kidneys,  and  the  prefcnce  of  a  calculus,  without  the  pre- 
vious Ivmptoms,  though  very  fcvere,  haying  led  to  a 
knowledge  of  the  caufe. 

The  renal  calculus  of  the  human  fpccies  is  of  the  fame 
Fourcroy.  nature  as  the  ftone  of  the  bladder,  according  to  f'ourcroy, 
Human  r-  ^^'^'^  haviiig  cxamiucd  feveral,  found  them  compofcd 
iiilcalcuii:,.  ^^  j.j.jg  concrete  lithic  acid.     They  are  always  perforated^ 
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and  full  of  cavities,  in  which,  as  well  as  on  their  furface, 
regular  fhining  cryftals  of  the  phofphats  of  foda  and  of 
ammonia  are  often  found ;  and  to  examine  them,  it  is 
only  neccllary  to  fteep  them  a  few  hours  in  water,  during 
which  the  cryftals  difappear,  and  their  nature  is  difcovereU 
by  examining  the  foludon. 

Animals  as  '.veil  as  men  are  fubjeiSl  to  renal  calculi. 
Morand,  junior,  has  even  difcovered  that  rats  have  very 
frequently  numerous  concretions  in  their  kidneys,  al- 
though he  appears  not  to  have  examined  them.  A  com- 
parative analyfis,  however,  between  the  human  and  ani- 
mal renal  calculus,  might  throw  great  light  on  the  fub- 
je6l,  fmce  the  nature  of  the  calculi  has  great  relation  to 
the  urine,  which  differs  in  various  clafles.  The  fmgular 
properties  of  the  urine  of  the  horfo  are  well  known. 
This,  which  is  much  more  charged  with  matter  than  thc- 
human,  becomes  turbid  the  inllant  it  is  evacuated.  The 
powdering  matter  which  falls  down  is  found  to  be  for  the 
moft  part  chalk,  whilft  the  precipitation  from  human 
urine,  particularly  towards  the  termination  of  certain 
difeafes,  is  the  lithic  acid  ;  and  it  appears  from  the  expe- 
riments of  Fourcroy,  that  the  nature  of  th?  renal  calcu- 
lus of  the  horfe  anfwers  to  that  of  the  urine  of  that 
animal. 

The  form  of  this  calculus  was  exaiSlly  that  of  the  kid-  Renni  cal- 
ney,  the  place  of  which  it  occupied,  and  it's  extremities  ^^[''^  "'  "^* 
were  terminated  by  vegetations  refembling  the  cauliflower. 
It  was  of  a  brown  colour  on  it's  furface,  and  appeared  co- 
vered with  an  infinity  of  fmall  ftiining  plates  refembling 
fragments  of  fand,  that  reflecled  the  rays  of  light.  On 
it's  edges  were  feveral  unequal  cavities.  Almolt  all  it'g 
furface  was  mammellated,  and  in  forae  places  were  por- 
tions of  membranes.  Great  difficulty  arofe  on  cutting  it, 
from  it's  hardnefs,  but  when  the  indrumenl  had  goi 
three  or  four  lines,  it  palled  cafily ;  this  arofe  from  the 
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dcnlity  of  the  exterior,  wliilft  tlie  middle  was  formed  of 
very  porous  and  tender  flrata.  It  weighed  15  ounces  five 
drachms  36  grains.  It  appears,  from  it's  analyfis,  that 
one  quintal  of  it  was  compofcd  of  68  parts  of  the  carbo- 
nat  of  lime,  and  22  of  the  phofphat  of  lime,  both  of 
them  earthy  infoluble  falts.  This  difference  between  the 
nature  of  the  calculus  of  the  horfe  and  that  of  man,  is 
not  extraordinary,  after  the  proof  of  the  exiftence  of  the 
carbonat  of  lime  in  the  urine  of  that  animal. 

It's  formation,    according    to    Fnurcroy,    is  perhaps, 
more  frequent  in  fuch  animals  than  is  generally  believed, 
as  appears  from  the  facility  with  which  thefe  matters  are 
dtporued  from  their  urines.     Another  ifolated   fa6l   was 
made  by  this  chemift,  from  the  examination  of  the  re- 
Of  a  cat.     nal  calculus  of  a  cat.     It  had  been  caftrated  when  young ; 
it's  renal  capfules  were  found  pcrfeilly  indurated,  and  as 
it  were  petrified  ;  they  appeared  to  the  touch  like  pieces  of 
iione,  and  the  fame  grating  fliarp  noife  was  heard  on  cut- 
tino;  them  with  a  knife.     They  were  of  a  whitifli  colour, 
and  globular  grains  were  eafily  diftinguiflied,  uniting  by 
a  very  thin  cellular  texture.     Between  the  largeft    and 
mod  diftant  grains,  the  cavities  were  filled  with  a  thickifli 
ruddy  humour,     Thefe  glands  being  detached  and  boiled 
in  a  fokition  of  potafli,  to  fcparate  the  cellular  texture, 
after   which  nothing  remained  but  a   number  of  fmail 
hard  grains  of  dificrent   fizes,  and  detached  from   each 
other,  were  found  (after  a  few  had   been  expofcd  to  live 
coals  to  fliow  thcv  contained  no  more  cpmbultiblc  ani- 
mal matter,  by  their  not  blackening)  to  contain  two  infi- 
pid  and  infoluble  calcareous  falts,  viz.  the  carbonat,  and 
phofphat  of  lime  ;  the  firft  made  about  I  of  the  whole 
inafs ;  the  fecond  nearly  the  remaining  quarter.     This 
confirms  the  opinion,  that  thefe  capfules  are  onlv  necel- 
fary  in   the  former  part  of  the  life  of  animals,  and  in 
adults  are  no  loncrcr  of  ufc. 
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Calculus  arthriticus.  The  cretaceous  looking  fubftance 
which  fometimes  appears  in  the  articulations  of  gouty 
patientSj  and  which  Severinus  had  feen  of  the  fize  of  an 
egg,  was  originally  confidered  to  be  nothing  more  than 
chalk,  from  it's  great  external  refemblance  to  that  earth  5  confidered 
but  late  experiments  have  ihown  how  little  the  nature  of  *'"^''^^^* 
fubftances  are  to  be  truly  judged  of  by  their  exterior 
appearance,  unlefs  when  accompanied  by  chemical  ana- 
lyfis. 

It  was  fuppofed  by  Sydenham,  Cheyne,  Murray',  and 
feveral  other  celebrated  phyficians,  that  it  was  analogous 
to  the  matter  of  the  calculus  of  the  bladder;  but  no 
analyfis  confirmed  their  fufpicions ;  and  according  to 
Van  Swieten,  it  never  acquires  the  hardnefs  of  the  cal- 
culus, even  after  a  prefervation  of  twenty  years;  and 
Schenkius  affirms  that  this  pulverized  tufa  formed  a  folid 
body  with  water,  like  gypfum. 

The  experiments  made  upon  it  by  Pinelli  are  worthy  piacili. 
of  attention.  He  treated  three  ounces  of  this  arthritic 
tufa  in  a  retort,  and  obtained  fome  volatile  alkali  with  a 
few  drops  of  oil,  the  refiduum  weighed  two  drachms; 
this  fubftance  was  tried  in  fpirits  of  hartfliorn,  in  urine, 
and  in  fal  ammoniac,  but  was  found  to  remain  infoluble 
in  them  ;  on  the  contrary,  it  was  perfe£lly  diflblved  in  the 
vitriolic  and  muriatic  acids,  and  even  in  diftillcd  vinegar. 
With  refpetSt  to  it's  infolubility  in  acids,  Dr.  Cullen  has 
fuice  afferted,  that  it  is  '  very  entirely'  fo  ;  but  Wollaf- 
ton  found,  that  only  the  nitrous  acid  had  that  power. 

Caietan  Tacconi,  in  order  to  determine  by  more  exa6t  xacconi. 
experiments  the  quellion  which  was  much  difcufiTed  in 
his  time,  whether  the  principle  of  the  gout  was  acid  or 
alkaline,  chemically  examined  the  fynovial  liquor  of 
gouty  patients ;  and  having  obferved,  that  it  was  equally 
coagulated  by  acids  and  alkalis,  concluded,  that  this  dif- 
eafe    might  originate    from    both    caufes,    which,  ac- 
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cording  to  him,  ought  to  conciliate  the  obfcrvatlons  o1 
authors,  and  dlrcft  them  In  the  cure  of  it.  However  in- 
conckifive  might  be  his  labours  on  this  fubllance,  there  is 
one  remarkable  fa6l  he  mentions,  viz.  that  from  fomc,  it 
reddened  the  fyrup  of  violets,  whilft  that  taken  from 
others  changed  it  to  a  green  colour. 

Rotrmg.  jj^  i^^g  ^Ij-Q  Ij^,^^^  confidercd  to  be  the  earth  of  bones  i 

and  in  the  Memoirs  of  the  Academy  of  Stockholm,  for 
1 783,  there  is  an  obfervation  of  Roering,  dating,  that  fome 
concretions  expedlorated  by  an  old  man  fubjeft  to  arthri- 
tic paroxyfms,  were  found  to  be  of  an  ofleous  nature,  or 
compofed  of  phofphorlc  calcareous  fait. 

ivjtfon.  Watfon,    in   the    Aledical   Covimunications  of   London^ 

vol.  i.  l7Si,  examined  tb/is  fubftance,  in  order  to  fee 
whether  it  was  fmiilar  to  the  vciical  calculus,  as  had  been 
reprcfented  ;  but  having  made  iome  experiments  on  fome 
that  \\  as  taken  from  a  gouty  patient  during  diflettion,  he 
concludes  that  it  is  very  different  from  the  matter  of  the 
urinary  calculu?,  bccaufe  it  is  foluble  in  fynovia,  and 
nii.xcs  readily  with  oil  and   water,  which  is  not  the  cafe 

^^onoau  with  the  urinarv  calculus.  Jklorveau  is  of  opinion,  like- 
wife,  that  it  is  very  different,  but  he  grounds  his  opinion 
only  upon  certain  experiments  made  by  Schenklus,  Pi- 
nelli,  and  Whytt,  which  arc  far  from  polleHing  the  accu- 
racy required  to  clear  up  the  matter. 

The  obfcrvatlons  of  Boerhaave,  Hoffman,  Springs- 
field,  Alfton,  and  Leger,  on  the  good  effects  of  alkaline 
water,  foap,  and  lime  waters,  in  the  cure  of  arthritic  and 
calculus  affe6lions,  appear  to  Fourcrov  more  proper  to 
afcertain  the  exiltence  of  an  analogy  between  thefe  two 
Jcinds  of  concretionSj^than  the  former  are  capable  of  dif- 
proving  it.  But  as  Tvlorveau  obferves,  experience  alone  is 
fufficient  to  decide  the  queflion,  and  this  has  lately  been 
accompliflied  by  Dr.  Wollallon. 

At  the  time  this  chemift  made  his  experiments,   the 


id  Fuur- 
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prevailino*  opinion  was,  that  the  p;outy  matter  confifis  of  Supp^fedto 

^  &     r  o        y      ^  be  the  liikic 

iiihic  acid,  or  matter  of  the  calculus  defcrlbed  by  Scheele.  acid. 
But  this  idea  was  not  founded  on  any  direct  experiments, 
nor,  perhaps,  more  ably  fupported  than  by  Forbes,  who 
defended  it  foleiv  by  pathological  arguments  from  the 
hiftory  of  the  difeafe.  Had  he  undertaken  an  examina- 
tion of  the  fubftance  itfelf,  he  would  have  found,  that  t^t  j 
itiftead  of  a  mere  concrete  acid,  the   ffouty  matter  is  a  byDr.Wui- 

1  1  r-n-  r   r   ,   •  •  ,"         J        •  ,  '^ftun  to  be 

neutral  compound,  conlutmg  or  lithic  acid  and  mmeral  lithiatof" 
alkali,  which  is  proved  by  the  following  experiments  : 

1,  If  a  fmall  quantity  of  diluted  vitriolic  acid  be 
poured  upon  the  chalk-ftone,  part  of  the  alkali  is  ex- 
tratS:ed,  and  cryflals  of  Glauber's  fait  may  be  obtained 
from  the  folution.  Common  fait  may  be  more  eafily 
procured  by  marine  acid.  The  addition  of  more  acid 
will  extraft  the  whole  of  the  alkali,  leaving  a  large  pro- 
portion of  the  chalk-ftone  undiffolved;  which  exhibits 
the  following  chara6leriftic  properties  of  lithic  matter. 

a.  By  diftillatlon,  it  yields  a  little  volatile  alkali,  pruffie 
acid,  and  an  acid  fublimate,  having  the  fame  cryftalline 
form  as  the  fublimate  obferved  by  Scheele. 

b.  Diflblved  in  a  fmall  quantity  of  diluted  nitrous  acid, 
it  tinges  the  fkin  of  a  rofe  colour,  and  when  evaporated^ 
leaves  a  rofe-coloured  deliquefcent  refiduum. 

c.  It  diffblves  readily  in  cauftic  vegetable  alkali, 
and  may  be  precipitated  from  it  by  any  acid,  and  alfo  by 
mild  volatile  alkali;  firft  a3  a  jelly,  and  then  .breakinj?' 
down  into  a  white  powder. 

2.  In  diitillation  of  the  chalk-ftone,  the  lithic  acid  is 
decorapofed,  and  yields  the  ufual  produ6ls  of  animal  fub- 
ftances,  viz.  a  fetid  alkaline  liquor,  volatile  alkali,  and  a 
heavy  fetid  oil,  leaving  a  fpungy  coal,  which,  when  burned^ 
in  the  open  air,  fufes  into  a  white  fait,  that  does  not 
Jdiquefce,  but  diflblves  entirely  in  v/ater_,  is  alkaline,  an4 
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when   faturated    with   nitrous  aciil,    gives    rhomboidal 
crvftals. 

Thcic  charaflcrlflic  properties  prove  it  to  be  mineral 
alkali. 

3.  CauPiic  vegetable  alkali  poured  upon  the  chalk- 
ftone,  and  warmed,  diflblves  the  whole  without  emitting 
any  (mell  of  volatile  alkali.  From  which  it  appears, 
that  the  volatile  alkali  obtained  bv  dirtillation  is  a 
product  arifing  from  a  new  arrangement  of  elements, 
not  fo  combined  in  the  fub dance  itfelf. 

4.  Water  aided  by  a  boiling  heat  diflblves  a  very 
fniall  proportion  of  the  gouty  concretion,  and  retains  it 
when  cold.  The  lithic  acid  thus  diflblved  in  combi- 
nation with  the  alkali,  is  rather  more  than  would  be 
dinblved  alone  ;  fo  that  by  addition  of  marine  acid  it 
niay  be  fcparated.  While  the  folution  continues  warm 
no  precipitate  is  formed  ;  but  as  it  cools,  the  lithic  acid 
cryftalHzcs  on  the  fides  of  the  vcflcl,  in  the  fame  manner 
as  the  cryftals  called  red  fand  do,  when  an  acid  is  added 
10  recent  urine. 

The  gouty  concrete  may  be  eafilv  formed  by  uniting 
the  ingredients  of  which  this  chemill  has  found  it  to 
confift. 

.'}.  If  a  fragment  of  lithic  acid  be  triturated  with  feme 
mineral  alkali  and  a  little  warm  water,  they  unite,  and 
after  the  fuperfluous  alkali  has  been  wtilhed  out,  the 
.   remainder  has  every  chemical  property  of  gouty  matter. 

The  acid  will  not  fublimc  from  it,  but  is  decompofed 
(2.)  bv  heat.  The  alkali  may  be  extracted  by  the  vitriolic 
or  marine  (1.),  or  indeed  by  moft  acids.  The  compound 
requires  a  large  quantitv  of  water  for  it's  folution  (4.)  ; 
and  while  warm  the  folution  yields  no  precipitate  by  the 
addition  of  an  acid  ;  but  upon  it's  cooling  the  lithic 
crvftals  form  as  in  the  preceding  experiment. 

!n  each  cafe  the  crvfials  arc  too  fmall  for  accurate  ex- 
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aniiiiation,  but  this  chemift  has  obferved,  that  by  mixing 
a  few  drops  of  caulHc  vegetable  alkali  with  the  folutioa 
previous  to  the  decompoiition,  they  may  be  rendered 
fomewhat  larger.  At  the  firfl  precipitation,  the  cryftals 
from  c^outv  matter  were  not  fimilar  to  thofe  of  lithic  acid, 
but  by  rediffolving  the  precipitate  in  water  with  the 
addition  of  a  little  cauftic  vegetable  alkali,  an'd  decom- 
pofing  the  folution  as  before,  while  hot,  the  cryftals  ob- 
tained were  perfcfth'  fimilar  to  thofe  of  liihic  acid  pro- 
cured by  the  fame  means. 

Such  are  the  etleutial  ingredients  of  the  gouty  concre- 
tion ;  and  although  perhaps  in  large  maires,  fome  portion 
of  common  animal  fibre  or  fluid  may  be  found  inter- 
mixed, the  heterogeneous  matter  is  in  too  fmall  propor- 
tion to  invalidate  the  general  refuh  that  '  gouty  matter 
is  lithiated  foda.' 

The  knowledge  of  this  compound  may  lead  to  a  fur- 
ther trial  of  the  alkalis,  which  have  been  obferved  by 
Dr.  Cullen  to  be  apparently  efficacious  in  preventing  the 
returns  of  this  difeafe  (Firfi;  Lines,  dlviii.)  :  and  may 
induce  us,  when  corre6ling  the  acidity  to  which  gouty 
perfons  are  frequently  fubjeft,  to  employ  the  fixed,  alka- 
lis, which  asc  either  of  them  capable  of  diflblving  gouty 
matter,  in  preference  to  the  earths  (termed  abforbent) 
which  can  have  no  fuch  beneficial  effeA. 

Calculus  pincsHs.  It  is  well  known,  that  nothino-  is 
more  common  than  to  find  feveral  fmall  ftones  or  con- 
cretions in  the  pineal  gland  of  the  brain;  both  in  the  hu- 
man and  that  of  quadrupeds  j  but  either  on  account  of 
their  fmallnefs  and  the  difficulty  of  procuring  a  certain 
quantity,  or  the  little  account  of  the  utility  of  the  in- 
vefiigation,  nothing  has  been  attempted  until  Dr.  WoU  jafion 
lafton,  from  the  delicacy  of  the  teft  of  neutral  phofpho- 
ratcd  lime,  which  it's  cryftallization  from  marine  acid 
afforded,  was  enabled  to  dete6t  it  in  it's  fmalleft  quaijtity. 
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and  by  this  he  found  that  it  formed  the  bafis  of  the 
particles  of  fand  to  be  felt  in  this  glanJ  ;  for  after  they 
were  calcined  they  cryllallized  perfeflly  from  marine 
acid.  But  he  is  of  opinion  that  this  fand,  which  from 
it's  frequency  fcarcely  merits  the  name  of  difeafe,  or 
when  amounting  to  a  difeafe,  is  mod  certainly  not 
known  by  it's  fymptoms,  would  at  tho  fame  time,  iP 
known,  be  wholly  out  of  the  reach  of  any  remedy. 

Calculus  proftatus.  The  calculus  of  the  proftate  gland, 
which  may  be  confidercd,  as  well  as  the  vefical,  to  be  a 
concretion  of  the  urinary  paflages,  has  alfo  been  examin- 
ed hv  Dr.  Wollafton,  who  thought  it  merited  an  invelH- 
e;ation,  not  from  the  frequency  of  it's  occurrence,  but 
from  having  been  fuppofed  to  give  rife  to  ftone  in  the 
bladder. 

It  appears  in  the  form  of  fmall  Hones  nccarionally  in 
this  gland,  and  thofc  which  this  chemift  had  an  oppor- 
tunity of  examining  were  from  the  fizc  of  the  fmalleft 
pin's  head  to  that  of  pearl  barley,  in  colour  and  tranf- 
parency  like  amber,  and  appeared  originally  to  have  been 
fpherical ;  but  from  contiguity  with  others,  folne  had 
flattened  furfaces,  fo  as  at  firfi:  fight  to  appear  crvflallized. 

Thefc  were  found  to  be  phofphorated  lime  in  the  ftale 
of  neutralization,  tinged  with  the  fecretion  of  the  prof- 
tate  gland. 

1.  A  fmall  fragment  being  put  into  a  drop  of  marine 
acid,  on  a  piece  of  glafs  over  a  candle,  v;as  foon  diflblved  ; 
and  upon  evaporation  of  the  acid,  cryftallizcd  in  nee- 
dles, making  angles  of  about  da"*  and  120"  with  each 
Qther. 

Water  dropped  on  the  cryft^ls  would  difTolve  no  part 
of  them  ;  but  in  marine  acid  they  would  rediflblve  and 
mi^ht  hf  recryftailized. 

2.  Vitriolic  acid  forms  fclciVite  with  the  calcareous 
eajTth. 
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3.  By  :lid  of  nitrated  quickfilver,  phofphoric  acid  is 
readily  obtained. 

4.  When  heated,  this  calculus  decrepitates  ftrongly ; 
it  next  emits  the  ufual  ftnell  of  burnt  animal  fubftances, 
and  is  charred,  but  will  not  become  white  though  par- 
tially fufed.  It  ftill  is  foluble  in  marine  acid,  and  will 
in  that  ftate  cryftallize  more  perfe6lly  than  before. 
Hence  he  concludes,  that  thefe  ftones  are  tinged  with 
the  liquor  of  the  proftate  gland,  which  in  their  original 
ftate  (1.)  fomewhat  impedes  the  cryftallization.  This 
cryftallization  from  marine  acid  furnifJied  the  before 
mentioned  teft. 

This  chemift  is  of  opinion,  that  the  calculi  of  the 
proftate  gland  are  too  rare  perhaps  to  have  been  ever  yet 
fufpefted  in  the  living  body,  and  are  but  indirectly 
worthy  of  notice.  For  if  by  chance  one  of  them 
fliould  be  voided  with  the  urine,  a  knowledge  of  it's 
fource  would  guard  us  againft  an  error  we  might 
bthervvife  fall  into,  of  propofing  the  ufual  folvents  for 
urinary  calculi. 

Dr.  Woliafton  has  alfo  met  with  neutral  phofphorated 
lime  in  a  very  pure  flate  and  foftj  contained  in  a  cyil  un- 
dfer  the  pleura  of  coftalis. 

Calculus  Jlomatlcus ^  or  bezoaid.  In  the  human  fto-  Calculu* 
mach,  althoug-h  ftony  calculi  in  ftrata  have  been  found,  '^o'""'^"*- 
yet  it  is  very  rarely;  vvhilft  on  the  contrary,  in  that  of 
quadrupeds  it  is  not  uncommon  to  find  hairy  balls  ag- 
glutinated by  a  lymphatic  juice;  and  there  is  a  fpecies 
of  calculus  found  in  the  (lomach  of  fome,  called  the 
bezoard,  which  is  in  high  eftimation. 

The  origin  of  the  name  bezoard  is  uncertain,  whether 
it  is  derived  from   pazan  or  pazar,  the  name  of  a  buck  ^^'^  etymo- 
in  the   Perfian  language,  or  boluzaar,  which  fignifies  an 
Antidote  in  the  Hebrew,  or  Chaldean  language.     Dau- 

VOL.  H.  Z 
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benton  is  of  opinion,  that  the  name  was  only  given  to 
certain  concretions  found  in  the  bodies  of  fomc  Afiatic 
animals,  perhaps  the  gazelle,  antelope,  or  goat  of  India, 
as  from  the  account  of  travellers  they  very  much  refem- 
ble  them ;  it  is  however  very  certain,  that  the  animals 
are  of  that  clafs,  viz.  with  cloven  feet,  and  provided 
^  With  horns. 

After  the  difcovery  of  America,  the  name  of  bezoard 
was  alfo  given  to  the  concretions  found  in  the  animals 
of  that  part  of  the  world,  fuch  as  the  pard,  chamois,  or 
the  goat  of  Peru.      Eezoards  are  alfo  taken  from  the 
porcupine,  wild  boar,  tortoife,  horfe,  mule,  dog,  caflor, 
ox,    rhinoceros,    elephant,    man,    &c.    and  are   of  all 
fizes. 
Diftinguifh-      Bczoards  are  diftinguifhed  by  the  names  of  oriental 
kinds.*'  "^   °  ^'^^  occidental,  from   the  parts  in  which  they  are  pro- 
cured J  the  firft  is  the  mod  fcarce  and  of  much  greater 
value  than  the  other.     The  ordinary  bezoard  is  taken 
from  the  common  domeftic  goat. 
I.  Oriental       The  oriental  bezoards  which  are  taken  from  a  fpecies 
of  deer  m  Egypt,  Perlia,  Chma,  and  fcveral  other  parts 
of  the  Eaft   Indies,   are  internally  and  externally  of  a 
,    brown  olive  coloui*,  generally  of  a  deep  hue,  and  even, 
blackifh,  the  furface  ihining  and  polifhed. 

i  Orcidfn-      ^hc   Occidental   bczoards   are  internally  of  a   wlritifli 
f-il-  .  ... 

colour,  but  their  external  furface  is  not  fo  {hining,  nor 

fo  polifhed    as   the  oriental.      The   furface  i^   whitiih, 

mixed   with  yellow  or  black,  nioft  often  with  (hining 

tinges,  which  appear  to  be  gilt  or  bronzed. 

CoTupofition      Bezoards,    accordins;  to  Bomare,     are  compofed   of 

»l  bczvard.  .  °  ' 

concentric  ftrata,  which  are  not  all  of  them  the  fame 
colour  or  thicknefs  ;  the  favour  is  urinous,  they  are  e[lu- 
linous,  and  tinge  flighlly  the  faliva.  At  the  centre  of 
the  bezoard,  fome  foreign  body  is  almoft  always  found, 
fuch  as  flraw,  hair,  grains  of  corn,  wood,  nuts,  &c.j  and 
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thefe  bodies  have  ferved  as  a  nucleus  or  point  for  the 
formation  of  the  ftrata.  Sometimes  they  rattle  on  fhak- 
ing  them,  which  is  produced  by  the  hard  body  in  the 
centre  having  been  detached. 

Great  fudorific  virtues  have  been  attributed  to  the  be-  SuperRiu- 
zoards,  efpecially  to  the  oriental,  and  they  were  believed  to  °"^^,^f ''"'^  " 
be  an  antidote  againft  poifons.  Their  price  rofe  accord- 
ing to  their  fize,  and  from  their  high  value,  fa<9;itious 
ones  have  been  fubftituted,  and  thofe  compofitions  which 
go  by  the  name  of  pierres  de  Goa,  or  de  Malacca,  are 
ialfe  bezoards. 

According  to  Bomare,  they  are  made  in  the  following  Method  oi" 
manner  :  Lobfter's  claws,  and  oyfter  fliells  levigated  on  thewienui. 
porphyry  are  made  into  a  pafte  with  mufk  and  ambergris, 
then  formed  into  balls  of  the  form  of  bezoards,  which 
are  afterwards  rolled  upon  gold  leaf.  Thofe  who  are  de- 
firous  of  a  more  exaft  imitation  do  not  gild  them.  This 
however  would  be  neceflary  to  imitate  thofe  of  the  ox, 
if  it  be  true  that  they  are  of  a  gold  colour,  and  of  a  me- 
tallic brilliancy,  when  the  firft  ftrata  have  been  taken 
away.  Thefe  factitious  bezoards  are  diftinguifhed  by 
drawing  a  line  with  them  over  a  piece  of  paper  that  has 
been  rubbed  with  cerufe,  chalk,  or  lime  j  if  the  trace 
becomes  of  a  greenifh  or  olive  yellow,  it  is  a  fign  of  it's 
being  'natural ;  thofe  that  are  real,  imbibe  water  and 
alcohol,  render  them  turbid,  and  effervefce  with  acids. 

Of    all    the    bezoards,    the  piedra    del  porco   is    thevaiHgof 
deareft.     It  is   fat  and  foapy  to  the  eve  and  touch,  of  a  '^*  ^"^'"^ 

'  '  -'  ones. 

greenifli  or  yellowifh  colour  ;  alfo  reddifli  or  blackifh 
ones  are  found,  and  it  is  almoft  incredible  how  highly 
they  are  valued  in  Holland.  Bomare  faw  one  about  the 
fize  of  a  pigeon's  egg,  belonging  to  a  Jew,  at  Amfter- 
dam,  who  afked  6OOO  livres  for  it.  They  are  let  out 
both  in  Holland  and  Portugal  at  a  ducat  a  day  to  thofe. 
'   z2 
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who  fancy  themfelvcs  attacked  by  contagion,  and  who 
think  they  arc  prefcrved  from  it  by  carrying  them  as 
amulets  in  the  fame  mannfer  as  eagle  (lones  arc  ufed  in 
Germany,  to  facilitate  diflBcult  labours,  the  load-ftone 
in  France  to  cure  a  fever,  or  the  jade  in  Spain,  to  pre- 
vent the  gravel.  Such  is  the  ftriking  portrait  in  thefe 
countries  of  the  fupcrftition  and  folly  of  the  human 
mind. 

Bomare  looks  upon  the  bezoard  to  be  a  (lone  found 
in  various  parts  of  certain  animals,  as  the  ftomach,  fa- 
livary  canal,  inteftines,  gall-bladder,  and  the  kidneys, 
from  which  it  appears  that  the  knowledge  of  this  natu- 
ral hiftorian  was  very  limited  with  rcfpeft  to  this  cal- 
culus, and  that  it  only  was  extended  to  it's  medicinal 
ufe. 

The  obfervations  of  Daubenton  are  much  more  fatif- 
faftory,  more  particularly  thofe  which  he  has  given  of 
the  natural  hiflorical  part.  Having,  in  comparing  the 
fojftle  with  the  oriental  and  occidental  bezoards,  dcfcribed 
the  formation  and  nature  of  the  firft,  he  proceeds  thus  to 
the  defcription  of  the  laft. 
Their  for-  All  animal  bezoards  are  compofed  of  concentric  ftra- 
ta,  fome  have,  at  their  centre,  a  foreign  body,  the  nu- 
cleus around  which  the  firft  ftratum  is  formed  j  in  the 
oriental  various  fubftances  form  this  nucleus,  fuch  as 
marcafite,  talc,  flints,  gravel,  ftraw,  grafs,  wood,  feeds 
of  plants,  cherry  ftones,  thofe  of  the  caffia,  tamarind, 
&c.  Thefe  different  fubftances,  and  principallv  the' 
feeds  of  plants,  which  arc  in  the  centre  of  the  oriental 
bezoards,  afford  reafon  to  believe  that  they  are  formed 
in  the  ftomach  or  inteftines  of  animals.  Their  nuclei, 
according  to  Daubenton,  fliow  the  impoflibllity  of  their 
being  formed  in  any  otiicr  parts  of  the  body  from  their 
diffrculty  of  penetrating  there :  on  the  contrary,  thofe 
fubftances  may  eafily  enter   the  alimentary   canal   with 
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the  food  ;  and  this  hiftorian  has  found  in  the  paunch  of 
oxen,  after  difleclion,  great  numbers  of  gravel  Hones, 
which  might  have  become  the  nuclei  of  the  bezoard. 

Bontius  fays,  that  the  oriental  are  formed  in  the  bel- 
lies of  animals,  of  which  there  are  numbers  in  the  dif- 
ferent provinces  of  Perfia.  Kasmpfer,  who  inquired  in 
Perfia  in  what  parts  they  are  found,  relates,  that  it  is  in 
the  pylorus  or  the  bottom  of  the  fourth  ftomach  j  that 
if  their  origin  is  not  there,  the  bezoard  at  leaft  remains 
fome  time  in  that  fituation,  where  it  increafes  in  lize,  and 
that  if  it  be  not  prevented  by  the  plaits  of  the  ftomach, 
it  paffes  through  the  inteftines,  and  is  excluded  with  the 
excrements;  but  this  acount  is  without  proof,  no  ob- 
ferver  having  as  yet  opened  an  animal  that  contained  thefe 
calculi,  fo  as  to  be  able  to  determine  their  fituation. 
Kaempfer  has  only  related  what  he  has  heard. 

The  obfervations  of  Daubenton  on  the  formation  of 
thefe  calculi  induce  him  to  think  they  originate  in  the 
ftomach  and  inteftines.  He  has  remarked  on  the  dentes 
molares  of  the  ruminating  tribes,  a  ftratum  of  blackifli 
fliining  matter,  of  an  external  brill'vancy  refembling 
gilt  or  bronze,  and  in  thofe  places  where  this  matter  is 
thick,  it  covers  a  whitifh  tartar.  He  had  likewife  ob- 
ftrved  a  finiilar  matter  on  many  occidental  bezoars,  and 
pofleffing  the  fame  brilliant  gilt  hue,  and  this  ftratum  he 
thinks  could  only  proceed  from  the  herbs,  the  exprefled 
juices  of  which  became  attached  to  the  teeth  during  maf- 
tic'ition,  and  from  a  fort  of  tartar  analogous  to  the  con- 
crete juices  of  crude  vegetables  which  they  eat.  He 
thinks  there  is  no  doubt  but  that  the  fame  juices  which 
become  thick  and  hard  on  the  teeth,  do  the  fame  on  the 
external  furface  of  the  ftrata  of  thefe  bezoards  in  the  fto- 
mach and  inteftines,  fince  the  gilt  and  bronze  are  fimilar 
on  both  bezoard  and  teeth.  The  oriental  bezoards  are 
without  thefe,  but  their  furface  is  as  fliining  as  the  mat- 
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ter  that  covers  the  teeth,  it  has  the  fain;  ground  of  colour, 
and  tht'lr  fubftancc  appears  to  have  a  great  relation  to  the 
concrete  juices  of  plant? ;  the  ftrata  are  of  different  thick- 
nefs,  but  almoft  all  of  them  have  the  fame  polifli  on  their 
external  furface. 

The  form  of  this  calculus  depends  upon  it's  nucleus  ; 
they  are  generally  more  or  lefs  round  when  compofed  of 
a  fmall  number  of  llrata;  fonie  are  oblong,  angular,  and 
very  irregular. 

When  a  bezoard  ceafes  to  acquire  new  ftrata,  the  more 
convex  parts  of  thofe   already    formed   become    worn, 
■which  appear  then  like  an  agat-onyx,  but  lofe  nothing  of 
their  hardnefs  in  the  body  of  the  animal,  although  KaRmp- 
fer  afTcrts  that  it  is  neither  hard  nor  folid  in  the  animal. 
He  appears  to  have  been  better  informed  when  he  attri- 
butes the  difi'erence  of  formation  of  it  to  the  quality  of 
the  herbs  which  the  animal  takes  in  as  nourifhment;  for 
the  glutinous,  aromatic,   refmous  plants,  growing  upon 
the  elevated  parts  of  the  hot  countries,  muft  receive  from 
the  foil,  the  air,  the  aftion  of  the  fun,  juices  proper  to 
form  the  oriental  bezoards.     The  fubftance  of  the  body 
alfo  contributes  to   this,  fince  it  does   not  appear,   that 
every  fpecies  of  animal  produces  bezoards,  even  in   hot 
climates.     This  bronze  only  covers  the  ftrata  of  the  occi- 
dental, and  does  not  penetrate  their  internal  part,  or  at 
lead  it  does  not  carry  with  it  it's  brown  colour  as  in  the 
oriental,  for  the  internal  fubftance  is  white  or  yellowifh  ; 
the  cryftallization  of  this  occidental  bezoard  is  very  re- 
gular, for  if  one  of  the  Itrata  be  broken,  fmall  tranfver- 
fal  (hining  cryftali   appear,  which  arc  found  to   be  cryf- 
tallized  needles  dirc6led  from  wilhin,   externally.     The 
largefi:  extend  from  one  furface  to  the  other,  and  between 
them   are  fmallcr,  appearing  like  branches  of  the  larger ; 
they  are  all   ranged   tranfverfelv  in  fmall  whitifh    lines, 
placed  very  near  each  other;,  and  parallel  to  the  fides  of 
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theftrata;  thofe  which  crofs  the  ftrata,  and  which  are 
themfelvcs  crofled  by  parallel  lines,  Daubenton  thinks, 
may  make  the  diftinguifhing  chara6ler  of  the  occidehtal, 
found  in  the  ftomachs  or  inteftines  of  ruminating  animals. 

Having  thus  given  the  principal  outlines  of  the  ideas  Fourcroy's 
of  Daubenton,  refpefting  the  formation  of  this  calculus,  ^hg^""'  °^ 
there  remains  to  add  to  what  Fourcroy  has  given  us  on  this 
fubjeft  fome  obfervations,  from  which  it  follows,  that, 
111.  The  bezoard  is  only  found  in  abundance  in  ani- 
mals of  hot  climates,  thofe  which  inhabit  the  temperate 
zone  are  more  fubjedl  to  aegagropilae. 

2d.  It  ii  only  in  the  flomach  and  inteftines  of  frugivo- 
rous  or  herbivorous  animals  that  bezoards  are  met  with, 
the  carnivorous  clafs  being  exempt  from  them.  The 
conclufion,  howerer,  of  fome  authors  is  erroneous,  who 
think  they  are  always  to  be  looked  upon  as  the  refidua  of 
vegetable  nourifhment. 

3d.  If,  according  to  this  idea,  more  virtues  are  attri- 
buted to  the  oriental,  on  account  of  the  herbs  that  grow 
on  the  mountains  of  Afia,  it  is  erroneous,  there  being 
plants  in  America  as  aromatic  and  fliarp  as  in  the  Indies, 
and  the  bezoards  confequently  ought  to  partake  of  their 
virtues. 

4th.  Inftead  of  looking  upon  them  as  the  refidua,  they 
ought  to  be  confidered  as  concretions  of  the  different  fa- 
line  fubftances  depofited,  and  more  or  lefs  cryftallized  in 
the  different  cavities  of  animal  bodies,  according  to  thg 
nature,  properties  and  quantity  of  the  liquids  which  held 
them  in  folution. 

5th.  Bezoards  not  only  appear  to  differ  in  their  nature, 
according  to  the  fpecies  of  animals  that  produce  them, 
but  they  are  effentially  different  from  each  other  in  the 
fame  animal,  according  to  the  places  they  occupy.  The 
fume  takes  place  in  the  human  body ;  the  calculi  found  in 
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the  gall  bladder  are  very  different  from  thofe  found  in  the 
kidneys  and  bladder. 

6th.  The  pretended  method  of  diftingiiifhing  the  true 
from  the  falfe  bezoard  by  the  grenifh  trace  on  paper  co- 
vered with  cerufe  or  white  lead,  is  not  founded  on  fa6l ; 
the  falfe^  if  they  contain  only  animal  matter,  will  do  the 
fame,  as  it  arifes  from  the  fulphureous  hydrogen  gas  dif- 
enjraoed  by  the  putrid  fermentation. 

7th.  The  bezoard,  although  the  oriental  is  ufed  in 
inedicine,  has  not  as  yet  been  chemically  examined ;  the 
bezoards  of  vegetables  ought  likewife  to  be  more  attended 
to.  It  is  well  known  that  the  bamboo  often  contains  a 
concretion  called  tabailieer  by  the  Arabs,  which  fe- 
veral  Englifh  have  found  to  be  compofed  almoft  entirely 
of  {ilex. 

Fourcroy  has  feen  in  the  cabinet  of  JufTicu,  white,  yel- 
lowifli,  or  milky  fpheroid  bezoards,  polifhcd  on  their 
furface,  and  fimilar  to  ivory ;  he  was  told  they  were  pro- 
duced by  the  cocoa  ;  but  nobody  has  yet  inveftigated  the 
vegetable  bezoards,  a  oreat  deal  is  therefore  wantino;  be- 
fore  we  can  arrive  at  any  perfe6t  knowledge  of  thefe  ani- 
mal concretions. 
Di.  Pear-         Dr.  Pearfon,  who  examined  one  of  the  oriental  fpecies^ 

found  it  to  confift  of  vegetable  matter  only. 
Tiiiee  Calculus  inteJlinalU.  This  fpecies  of  concretion  is  found 

in  the  inteftinal  canal  of  both  man  and  beaft,  and  mny 
be  diflinguiilied  into  two  kinds,  according  to  the  cavities 
in  which  it  is  formed.  The  firft  comprehends  thofe 
which,  having  been  formed  in  the  organs  or  vifcera  adja- 
cent to  the  inteftinal  canal,  have  defcended  into  it  by 
means  of  du^^ts  communicating  with  it. 

2d.  Thofe  immediately  formed  in  the  inteftines.  Be- 
fides  thefe  two,  perhaps  a  third  fort  may  be  admitted,  or 
thofe  which  after  having  been  in  the  adjacent  vifcera  and 
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j^epofited  in  the  Inleftines,  have,  during  their  abode  there, 
been  covered  with  a  flrata  of  concrete  matter  proceeding 
from  the  liquids  contained  in  the  intelHnes. 

The  firft  are  almoft  the  only  concretions  found  in  the 
human  fubjeft  ;  they  are  almoft  all  of  them  biliary, 
which,  after  having  been  formed  in  the  gall  bladder,  de- 
fcend  by  the  du£ius  coledpchus,  where  they  remain  more 
or  lefs  time,  although  in  general  they  arp  immediately 
carried  off  by  the  anus. 

The  fecond,  or  thofe  formed  by  the  induration  or 
cryflallizatjon  of  the  juices  contained  in  the  inteftines, 
are  in  the  human  body  extremely  rare.  They  are  found 
not  uncommon  in  other  animals,  and  horfes  are  very 
fubjciS:  to  them. 

One  of  thefe  was  examined  by  Fourcroy  ;  it  was  found  Cai.  int.  cf 

,',,•.,.,  .  .      d  hoife, 

in  the   colon  of  a  horfe  that  had  died  or  the  gripes,  m  anaiyfed  bj- 
the  year   1785  ;  it's  analyfis  prefents  fome  curious  fa6ls.    *'°"'^'"y- 

It  was  of  a  gray  colour,  it's  external  furface  appeared 
to  be  formed  of  rays  diverging  from  the  centre  to  the 
circumference,  it's  form  was  pretty  regularly  round,  it's 
diameter  five  inches,  and  weight  five  pounds;  when  cut 
in  two,  the  parts  that  formed  it  arofe  from  a  common 
point  the  centre,  diverging  every  way  fo  as  to  form  a 
fphere  of  eighteen  inches  in  circumference.  The  centre 
of  this  fphere  prefented  fome  cavities  in  which  were 
to  be  obferved  fragments  of  vegetable  matters,  hay, 
ftraw,  oats,  which  exhaled  the  odour  of  thefe  fubftances 
when  fomewhat  chan<j;ed. 

It  was  infoluble  in  cold  water,  even  when  reduced  to  a 
fine  powder. 

In  boiling  water,  this  powder,  however,  was  flightly 
fijuble,  and  from  it's  analyfis  this  chemift  concludes, 
that  it  was  a  triple  fait  compofed  of  about  two  parts  of 
phofphatof  magnefia,  one  part  of  phofphat  of  ammonia, 
and  one  part  of  water.     In  accounting  for  the  formation 
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Bv  Barthol- 


of  this  calculup,  be  conje6lures  that  the  niagnefia,  which 
is  fo  rarely  found  in  animal  matters,  might  have  been 
introduced  into  the  animal  when  adminiftered  as  a  re- 
medy in  fomc  diiorder,  and  by  meeting  with  the  phof- 
phoric  acid,  and  phofphat  of  ammonia,  gave  rife  to  this 
infoluble  triple  fait  which  formed  this  calculus  ;  for  this, 
however,  to  have  taken  place,  the  magncfia  muft  have 
remained  a  long  time  in  the  canal,  and  the  animal  mult 
have  been  a  long  time  without  rendering  his  excre- 
ments. 

The  analyfis  of  Bartholdi,  upon  a  calculus  of  the  fame 
fpecies,  perfedlly  agrees  with  that  made  by  Fourcroy. 
It  was  found  in  the  re6lum  of  a  horfe,  and  an  account  of 
it  is  given  in  a  letter  to  Vauquelin.  He  fuppofes  it  to 
have  been  found  in  the  colon,  and  not  to  have  been  de- 
pofited  in  the  re6lum  but  a  few  hours  before  it's  death. 
The  animal  belonged  to  a  miller,  and  died  of  the  gripes. 
It  weighed  about  thirty-one  ounces  and  half.  It's  form 
was  round,  oval,  deprefled  toward  it's  edges,  and  rather 
dented  on  one  fide. 

It's  fpecific  gravity  was  to  that  of  diftilled  water,  as 
16667  to  10000,  and  that  of  a  detached  portion  as  16700. 
It  was  of  a  browniih  gray  colour;  it's  diameter  in  length 
four  inches  two  lines,  and  in  breadth  three  inches.  Be- 
ing cut  in  two,  it  appeared  compofed  of  many  fpherical 
ftrata,  between  the  firft  and  fecond  of  which  was  found 
an  interftice  of  one  line  in  breadth,  and  ten  long,  or  ra- 
ther in  circumference,  filled  with  bran  and  earthy  mat- 
ters. On  the  fame  fide  was  obferved  a  (light  dent.  Half 
being  again  divided,  the^principal  ftrata  appeared  to  the 
number  of  eight,  fome  of  which  were  compofed  of 
thinner  layers,  but  fo  well  united  as  not  to  be  feparated 
without  breaking  the  principal  j  each  of  thefe  was  com- 
pofed of  fmall  cryftals  placed  vertically.  In  the  centre 
was  found  a  fmall  plate  of  iron,  very  thin,  and  about  two 
inches  in  circumference. 
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It  was  completely  foluble  in  the  fulphuric,  nitric,  and 
muriatic  acids ;  without  any  effervefcence,  likewife  in  dif- 
tilled  vinegar  at  the  common  temperature,  a  little  refi- 
duum  remained^  The  phofphoric  acid,  when  pure,  and 
prepared  by  a  flow  combuftion^  entirely  diffolved  it. 
Water  had  no  effecSb  upon  it.  From  it's  analylis,  it 
was  found  compofed  of 

0,   18  of  white  mae;nefia. 

0,  26  of  phofphoric  acid, 

O,  032  of  ammonia. 

0,  46  of  water. 

0,  04  of  animal  matter. 
This  chemift  obferves,  that  the  facility  with  which  Method  of 
the  acetous  acid  diflblves  it,  prefents  a  method  of  cure  by 
glyfters  of  vinegar,  which  at  leaft  are  harmlefs.  It  has' 
been  faid  that  thefe  calculi  are  principally  found  in  horfes 
ufed  by  millers,  and  this  chemift  thinks  that  the  bran, 
as  a  food,  may  have  fome  effecSl  in  producing  them,  fmce 
this  always  afforded  him  magnefia ;  but  whether  their 
formation  is  owing  to  this  fkin  of  corn,  or  other  grain, 
or  to  the  earthy  parts  detached  from  the  millftones  in 
the  a£l  of  grinding,  being  compofed  of  granite  that  con- 
tains white  magnefia,  has  not  as  yet  been  afcertained. 

Calculus  falhar is.  It  is  not  uncommon  to  find  hard 
ftony  concretions  in  the  falivary  glands,  particularly  in 
the  parotid  and  fublingual.  The  calculi  formed  in  the 
firft  glands  have  been  known  to  defcend  into  the  duft, 
and  produce  a  fwelling,  an  abfcefs,  and  in  confequence, 
a  falivary  fiftula ;  whilft  thofe  in  the  fecond  glands  are 
faid  fometimes  to  form  abfcefles,  by  which  means  they 
ejeft  themfelves.  The  authors  who  have  defcribed  thefe  Authors  on 
difeafes,  have  in  general  attributed  the  origin  of  the  cal-  '^'  fubjedt. 
culi  to  a  thickening  of  the  faliva,  or  the  coagulation  of 
this  animal fiuldy  as  feveral  have  exprefled  it. 


348  CONCRETIONS. 

Hatlcr,  in  treating  of  the  nature  of  the  faliva,  admits 
with  Fauchard,  that  the  earthy  fediment  it  contains  is 
the  fource  of  the  cnifl  of  the  teeth,  commonly  called  tar- 
tar 5  and  adds  that  the  falivary  calculi,  which  he  attri- 
butes to  the  fame  matter,  are  fo  frequent  in  the  duA  of 
the  maxillary  gland,  that  it  would  be  ditiicult  to  find  in 
the  human  body  a  part  more  fubjcft  to  calculi.  He  fup- 
ports  this  aflcrtion  upon  the  teftimony  of  Severin,  Mei- 
bomius,  Hagedorus,  Eller,  Kramer,  Slevogt,  Walter, 
Van  Swicten,  and  Schcrer,  the  laft  of  which  authors 
has  written  a  particular  differtation  on  this  fubje(3:. 
Haller  has  feen  the  ranula,  a  diforder  wliich  confifls  in 
the  inflammation  and  confcquent  abfcefs  of  the  neigh- 
bourhood of  the  frsenum  linguce,  produced  by  a  falivary 
calculus  in  the  du£t,  and  cured  by  the  extraction  of  the 
calculus  ;  and  feveral  authors  give  accounts  of  the  pro- 
duction of  the  angina  from  the  fame  concretion.  Hip- 
pocrates, in  the  fecond  .book  of  his  Epidemics,  had  al- 
ready made  mention  of  fmall  ftones  fituate  under  the 
tongue,  confequenily  falivary  calculi  mull  have  been 
known  to  him  ;  but  no  one  had  examined  their  nature, 
or  even  attempted  the  flighted  chemical  inveftigation  of 
their  properties,  until  Fourcroy,  on  making  fome  expe- 
Tartarof  Timents  upon  the  tartar  of  the  teeth,  found,  that  this 
1  eteetii      f^jj^  dcDofit  was  of  the  fame  nature  as  the  bafis  of  the 

e.\amiiied  " 

by  Fourcroy  bones;  and  this  has  iince  been  confirmed  by  Dr.*  Wol- 
totj.  lafton,  who  informs  us  that  the  two  fpecimens  of  this 

incruftation  which  he  examined,  confifled  of  phofphat 
of  lime,  with  a  very  fmall  excefs  of  the  earth.  It  appears 
that  the  htmian  falivary  calculus  is  the  only  one  that  has 
as  yet  been  analyfcd,  and  there  remain  thofe  found  in 
the  glands  of  other  animals,  as  the  horfe,  ox,  fheep.  Sec, 
before  any  thing  complete  can  be  looked  upon  on  the 
fubje6^.  TliP  nature  of  thofe  in  the  amygdala  is  entirely 
unknown. 
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Calculus  mufcularis.  Thefe  are  granular  concretions, 
angular,  or  irregular  in  their  form,  fituated  between  the 
fiefliy  fafciculi ;  they  are  rarely  to  be  met  with,  and  ap- 
pear when  they  do  exill  to  be  in  confequence  of  arthri^ 
tic  difeafes  of  long  {landing;  but  they  are  fo  fcaf ce  that 
Fourcroy  was  not  able  to  procure  a  fingle  fpecimen.  Be- 
lides  thefe  which  may  be  called  ?mifcular  calculi^  the  flefliy 
parts  are  liable  to  be  afre6led  by  ofleous  concretions,  as 
is  often  the  cafe  in  old  animals,  when  the  extremities  of 
the  tendons  and  the  fides  of  the  fanguiferous  vefTels  be- 
come partakers  of  the  fame  difeafe. 

Thefe  cjfifications  have  been  examined  by  Dr.  Wollaf^ 
ton,  who  found,  that  what  he  procured  from  the  arteries 
and  valves  of  the  heart  confided  of  the  fame  principles 
as  the  earth  of  bones,  and  retained  in  like  manner  the 
redundant  calcareous  earth,  on  which  account  they  are 
very  properly  called  offifications.  This  chemifl  looks 
upon  thofe  of  the  veins,  the  bronchia,  and  of  the  tendi- 
nous portion  of  the  diaphragm,  to  have  the  fame  excefsj 
although  his  experiments  upon  them  were  made  too  long 
(ince  to  fpeak  with  any  certainty. 

Calculus  pancreaticus.  Thefe  concretions  have  been 
found  in  the  human  pancreas,  and  are  faid  to  bear  a  great 
refemblance  to  the  falivary  concretions. 

Calculus  puhnonarius.  According  to  Fourcroy,  it  is  not 
uncommon  to  fee  patients,  after  a  cough  of  long  {land- 
ing, and  particularly  old  people  who  have  been  very  fub- 
jecl  to  arthritic  affeftions,  expectorate  concretions  from 
the  lungs  in  very  fmall  pieces;  and  fimilar  ones  are  found 
fometimes  in  the  lungs  of  thofe  who  have  died  in  confe- 
quence of  complaints  of  that  organ,  or  from  ferofulous 
affeClions.  On  cutting  into  the  lungs,  they  are  eafily 
perceived  by  their  grating  noife  againil  the  knife. 

Calculus   utcrtnus.      Hard   concretions  have  alfo  been 
met  with  in  the  uterus,  which  are  looked  upon  as  real 
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calculi.  Thefe,  however,  have  no  relation,  nor  are  to 
be  confounded  with  thofe  irregular  malTes  that  go  by  the 
name  of  falfe  conceptions. 

Haller's  Phvfiol. — Macqner's  Wcerterbuch  von  Lcon- 
hardi,    article  Elafenlleln. — Tyfchen's    Unterfuchung 
einesBlafenfteins.  Crell's  Annal.  t.   2.    1786. — Schccle's 
Efllays. — Encyclopedic  Method. — J.  Hartenkeil,    praes. 
Cafp.    Siebold,  de  Veficae  urinae   Calculo.      Vincebur. 
1785. — On  Gouty  and   Urinary  Concretions,  by  Wm. 
Hyde  Wollatton,'    M.  D.    F.  R.  S.   Philofoph/ Trans, 
p.  386.  part.  2.   1797. — Experiments  and  Obfervations 
on  the  Compofition  and  Properties  of  Urinary  Concre- 
tions, by  George  Pearfon,    M.  D.    F.  R.  S.  Philofoph. 
Trans,  p.  15.   p.  l.  1798. — Analyfe  de  Calculs,   par  A. 
F.  Fourcroy.  Annals  de    Chimie.    vol.    16,    p.    63.— 
Baillie's  Morbid  Anatomy.  —  Barlholdi,  Sec.   Ann.   de 
Chim.  V.  23,  p.  123. — Obfervations  fur   la  Nature  du 
Calcul  dela  Veflie,  par  Ic  Cit.  Brugnatclli,  ibid.  v.  28,  p. 
52. — Lettre  du  Cit.  Fourcroy  au  Cit.  Giobert.  ibid.  v. 
30,    p.  57. — Sur  I'Analyfe   des   Calculs  urinaires   hu- 
mains  par  les  cit.    Fourcroy  and  Vauquelin,.  Annal.   dc 
Ch.  No.  95,  p.  213, — Sur  un  Calcul  urinaire  de  Cochou, 
&c.  par  le  cit.  Bartholdi.  ibid.  p.  185. 
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Calculus  biliaris,  biliary  concre- 
tions, OR  gall  stones. 

These  are  light  inflammable  concretions,  found  in  the 
gall  bladder,  and  evacuated  along  with  the  fasces. 
They  are  produced  by  the  gall  in  a  difeafed  ftate  of  that 
excretion,  and  particularly  in  thofe  difeafes  which  fome 
phyficians  have  called  fpafmodic,  in  hyfteria,  and  melan-  ^ 
choly.  Thefe,  by  detaining  the  gall  in  the  bladder,  are 
faid  to  give  rife  to  thefe  concretions.  They  likewife  are 
the  caufe  of  other  difeafes,  particularly  the  jaundice,  and 
appear  to  be,  with  refpe<Si  to  the  above  vifcus,  what  th6 
vefical  calculus  is  to  the  bladder. 

The  lightnefs  and  inflammability  of  gall  ftones,  have 
been  long  known.  Gliflbn,  Bianchi,  Hoffman,  and 
others,  have  defcribed  fome  of  their  varieties  and  proper- 
lies  :  but   the  firft  who  attempted  to  arrano;e  them  me-  ■^'"'^^"s*- 

^  r  D  ment  int» 

tl^odically,  was  Walther,  a  celebrated  anatomift  of  Ber-  chfles  by 
lin  :  he  has  divided  them  into  three  clafles,  after  the  me-  vicq 
thod  of  naturaliftsj   1.   lapilli    flriatij  2.  lamellofi ;  3.'^'^*"''' 
corticati.     Vicq  d'Azyr  has  likewife  made  an  arrange- 
ment into  three  claffes.     In  the/r/?,  he  has  placed  thofe 
biliary   calculi  formed   of  a    yellowifh   bilious   matter, 
whether  filamentous  or  not.     The  fecond  contains  thofe 
compofed    of  a  more  or  lefs  (hining   cryftalline  matter, 
with  or  without  a  covering  ;  and  in  the  third^  he  puts  the 
mixed  calculi,  or  thofe  in   which  the  yellow  bilious  and 
cryftalline  fubftances  are  found  united. 

There  is  a  great  variety  in  the  external  appearance  of 
gall  ftones,  as  they  not  only  differ  in  their  colour,  but  in 
their  iliape.  Some  are  of  a  white  colour,  others  black  ; 
fome  arc  yellowifh,  others  greenifb,  and  others  are  of  a 
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light  brown,  a  dark  brown,  or  a  reddifli  brown  coloitr  j 
the  diflcrcnt  fliadcs  between  thcfe  are  likewife  numerous, 
and  not  eafily  to  be  exprefled.  With  rcfpeft  to  their 
fbape,  there  is  alfo  a  great  difference,  fome  being  vefy 
fmooth,  others  rough  and  tubcrculated,  fome  are  round- 
ifli,  others  oblong,  and  angular.  They  alfo  differ  in  their 
ftru6lure,  although  when  cut  or  broken,  they  are  gene- 
rally found  to  confift  of  concentric  laminjE  externally,  and 
in  the  centre  are  of  a  radiated  texture.  The  laminated 
part^  according  to  Baillie,  bears  fometimes  a  large  pro- 
portion to  the  other,  whilff  at  other  tirnes  the  contrary 
occurs.  The  laminated  and  radiated  ftru(3;ures  are  fome- 
times compa6t,  and  at  other  times  confift  of  a  loofc  mat- 
ter, whilfl:  it  occafionally  happens  that  both  thefe  flruc- 
tures  are  very  obfcure,  and  they  appear  to  be  a  very  uni- 
form folid  mafs.  The  laminated  part  likewife  on  the 
outfide,  very  frequently  confiflis  of  a  diflTerent  fubftance, 
in  appearance^  from  the  radiated  ftru6lure  in  the  centre, 
and  it  is  not  unufual,  as  Baillie  affirms,  to  find  the  ftruc- 
ture  in  the  centre  to  confifl  of  (liining  white  cryflalli- 
zations,  which  have  a  good  deal  the  appearance  of  fpcr- 
inaceti. 

With  rcfpeft  to  their  tafl:e,  very  few,  according  to  the 
obfervations  of  the  above  author,  have  a  bitter  favour, 
which  is  a  reafon  he  thinks  that  they  do  not  confiff:  of 
infpiflated  bile  ;  in  fome,  however,  he  found  the  favour 
hitenfely  bitter. 

From  the  great  variety  of  appearance  which  thefe  cal- 
culi alfume,  it  is  evident  the  difficulty  of  arranging  them 
into  any  method  muft  be  great;  but  Fourcroy,  to  whom 
we  are  indebted  for  the  befl:  analyfis,  has  divided  them 
into  three  varieties. 
Divided  in-  iff:.  Thofe  of  a  brown  orblackifh  colour,  with  irregu- 
rieiies  Ly     l^r  or  tubefculatcd  furfaces,  and  formed   as   it  were  of 
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2d.  Thofe  which  are  ycllowifli  or  greenlfli,  harder 
in  their  texture  than  the  laft,  formed  of  concentric  ftrata, 
and  often  covered  with  a  dry  uniform  crufl; ;  the  fliape 
of  thcfe  is  generally  angular  and  polyedrous. 

3.  The  laft  variety  comprehends  the  white  and  ovoid 
concretions,  which  are  more  or  lefs  irregular ;  they  are 
covered  with  a  v^hitiOi,  and  often  unequal  rind,  and 
formed,  as  it  were,  of  fpathic  ftrata,  or  tranfparent  cryf- 
talline  lamellse,  and  are  often  radiated  from  the  centre  t) 
the  circumference. 

Befides  this  divifion  of  gall  ftones,  from  their  external 
and   internal   appearances,  he  has  likewife  diftinguiflied 
them  according  to  their  chemical  analyiis,  or  the  propor- 
tion of  the  principles  of  which  they  are  formed,  into  two  And  ;nta 
fpecies,  viz.   into  thofe  which  are  compofed  only  of  a  fiomtiicir 
fliining,  foliated,  cryftalline  fubftance  analagous  to  fpcr-  ^''^''y'is- 
niaceti,  and  into  thofe  which  contain,  with  a  more  or  lefs 
quantity  of  this  cryftalline  fubftance  which  appears  to 
form  the  bafis  or  kernel,  a  thickened  bile  or  extract,  in 
the  midft  of  which  the   firft  fubftance  appears  to  have 
been  confufedly  cryftallized. 

Gall  ftones  are  fpecifically  lighter  than    water,    andsp.gr. 
fwim  upon  it's  furfacc  ;  fome,  however,  are  found  to  be 
fpecifically  heavier,    but   of  thefe   there  are  very  few. 
One  that  Gren  weighed  was   to  water  as   0,S03  to  1000. 

Expofed  to  the  flame  of  a  candle,  they  melt  like  wax,  i„flamma 
and  become  inflamed,  but  do  not  fmell  like  any  of  thofe  '""'• 
animal  parts  that  afford   a  volatile  alkali  by  diftillation. 
Baillie,  however,  ^let  with  a  very  black  fpecies  that  did 
not  melt,  but  burned  exactly  like  a  cinder. 

By  dry  diftillation  in  a  retort  to    which  a  pneumatic  Diaiiiaiio'^, 
apparatus  was  adapted,  we  are  informed  by  Gren,  that 
fome  hydrogen  and  carbonic  acid  gas  w-as  obtained,  and 
a  ycllowifli  empyreumatic  fluid  of  a  bitter  favour,  that 
fcarcely  reddened  the  tintlure  of  litmus,  did  not  preci['i 

VOL.  II.  A  A 
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tate  limewater;  and  on  the  addition  of  a  fixed  alkali,  vo- 
latile alkaline  fumes  were  extricated  :  there  arofe  likewife 
a  brownifli  empvreumatic  oil.  Teichmeyer  received  a 
yellow,  then  a  red,  and  even  a  black  empyrcumatic  oil. 
The  remaining  coal  Grcn  found  to  amount  to  Vo  of  the 
weight  of  the  gall  ftonc  ;  it  was  of  a  fliining  appearance, 
of  ablackifh  colour,  extremely  difficult  to  incinerate,  and 
being  diffblved  in  nitrous  acid,  was  found  to  be  phofphat 
of  lime. 

Watci.  A^ccording  to  Hallcr,  very  few  (liow  any  folubility  in 

water,  even  when  it  is  impregnated  with  fixed  air; 
fome,  however,  as  Hildebrandt  obfervcs,  communicate 
a  bitternefs,  and  a  little  colour  to  the  water  in  which 
they  arc  boiled,  although  no  folution  takes  place. 

Vhiioiic  According  to  Gren,  pure  vitriolic  acid,  when  concen- 

Irated  and  added  to  pulverized  gall  itone,  became  very 
warm,'  fulphureous  gas  arofe,  the  mixture  afTumed  a 
dark  brown  colour,  and  on  repofing,  the  gall  fione  fvvani 
on  the  furface  in  a  fluid  ftale,  as  long  as  the  heat  lafted. 
On  being  ilirred,  there  was  no  folution,  but  in  a  few  days 
after  the  gall  appeared  like  a  black  refinous  coagulum,  ex- 
atSlly  in  the  fame  manner  as  wiih  fat  vegetable  oils,  or 
animal  fat.  The  decanted  acid,  on  the  addition  of  much 
difiilled  water,  let  fall  a  gray  fiocky  matter,  fimllar  to  co- 
agulated lymph.  Dclius  found  that  the  diluted  mineral 
acids  had  no  menftrual  eifed:  on  gall  fi;ones,  yet  the  vitri- 
olic acid  as  well  as  the  muriatic  received  a  green  tinge. 
Baillie  found,  that  they  feparated  in  this  acid  into  a  fine 
black   powder,   efpecially  in  a  fand  heat.     According  to 

Nitre.         Hildebrandt,  they  detonate  with  nitre  very  ftrongly. 

The  concentrated  nitrous   acid   became  very   hot,  as 

Isitrous  .  .  .  _         ■' 

acid.  Gren  informs  us,  on  the  addition  of  pulverized  gall  flone, 

and  attacked  it,  which  gave  rife  to  a  large  quantity  of  ni- 
trous gas.  In  this  acid  fome  are  entirely  diflTolved,  others 
not,  but  melt  to  a  yellow  oil,  wliich  fwims  on  the  furface 
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CtUiing  the  heat,  and  on  cooUng  become  coagulated  to  a 
yellow  fubftance  like  wax.  The  decanted  acid,  Gren 
found,  on  adding  much  diftilled  water,  let  fall  the  dif~ 
folved  albumen  in  the  ftate  of  flocks.  Hence  it  ap- 
pears, that  they  confiftof  a  coagulable  lymph,  and  a  fub- 
ftance  fimilar  to  wax.  Delius  found,  that  this  acid  be- 
came of  a  red  colour  on  their  addition  :  Hermbftadt,  that 
diluted  nitrous  acid  had  likewife  a  menftrual  effed:  on 
them  by  the  affiftance  of  heat,  and  afforded  faccharine 
acid ;  and  all  that  Baillie  examined  were  foluble  in  this 
acid. 

Gren  found,   that  by  the  ufe  of  concentrated  muriatic  Muriatic 
acid   the  flocks  feparated  the  beft;  whilfl  Baillie  found,"     ' 
that  they  are  but  little  effe(S^ed  by   it  in  a  fand   heat. 
Limewater,  according  to  Whytt  and  Gren,  does  not  dif-  Limewater. 
folve  them. 

From  the  experiments  of  Delius,  it  appears,  they  are 
very  little  or  not  at  all  foluble  in  carbonated  alkalis ;  Akaiis. 
whilft  Hildebrandt  affirms,  that  the  lye  difl^olves  mofl 
of  them.     They  are  however,  eafily  diffolved  in  cauftic 
alkalis,  particularly  by  the  aid  of  heat. 

Neutral  falts,    as  well  as  foaps,   have  no  effeft   upon  Neutral 
them,  in   which  the  experiments  of  Conradi  agree  with 
thofe  of  Gren. 

All  oils,  whether  fat  or  aethereal,  as  they  have  been  oils, 
called,  and  particularly  the  oil  of  turpentine^  diffolves 
them  by  hpat.  Baillie  found,  that  mofl  gall  flones  were 
fornewhat  foluble  in  the  oil  of  turpentine  at  the  heat  of 
the  atmofphere,  but  not  in  any  confiderable  degree;  and 
bne  fpecies  he  found  infoluble ;  fome  were  converted  into 
a  kind  of  oil,  that  funk  to  the  bottom  :  others  that  were 
partly  foluble  tinged  it  of  a  brown  colour,  and  were 
partly  feparated  into  a  powder. 

According  to  Baillie,  gall  flones  are  but  little  affecled  Alcohol. 
in   the  common  temperature  of  the  atmofpherv;  by  alco- 
ve A  9, 
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hol^  hut  arc  cither  partly  or  totally  Soluble  in  it  at  a  boil- 
ing heat.  Grcn  atiirms,  tliey  are  not  dillblvetl  by  the 
highcft  rcililletl  i'pirit  of  wine,  and  that  the  extraordinary 
appearance  the  gall  rtonc  puts  on  in  alcohol  is  not  a  folu- 
tion,  as  many  chcmifts  have  fuppofcd.  For  inftance,  if 
pulverized  gal!  Hone  be  mixed  with  alcohol,  then  well 
fhakcn,  and  digelled  in  a  moderate  heat,  it  will  be  found, 
on  repofe  and  becoming  cool,  to  have  formed  uncom- 
monly beautiful,  fliining,  fcaly  crvflals,  which  have  the 
appearance  of  fedativc  fait.  According  to  Gren,  this 
The  pro-      matter,  which  Poidlelier  de  la  Salle  took  for  a  fait,  is  no- 

diiition  of  a       .  ■  _ 

icaiy  cryf-   thing  but  uudccompofcd  gall  ftonc,  the  parts  of  which  be- 

fi'ibiiaiicc.     ^"S  ^i^'^'tcd  by  the  heat,  puis  on  this  beautiful  cryflallized 

appearance  ;  for  he  found  it  was  foluble  neither  in  alcohol 

nor  water,  nor  communicated  to  the  laft  the  lead  trace  of 

an  acid  or  of  a  ialine  nature. 

As  this  lliining  fcaly  matter  fotms  one  of    the  mod 
curious  parts  of  the  analyfis  of  gall  ftones,  it  will  be  ne- 
ccOary  to  give  a  circumfl^ntial  account  of  it's  difcovery 
Fill  a  ito- jiiiJ  pi-opcrties.     It  was  firftobferved,  I  believe,  by  Con- 
Co:, nidi.      radi,  who  extra6led  it  by  means  of  dulcified  nitrous  acid  ; 
then  by  Poulletier,  by  means  of  alcohol  ;  and  is  found  by 
Fourcroy  to  bear  a:  great  refemblance  in  it's  properllcs  to 
fpermaceti. 
Poiiiitue!.        Poulletier  having  examined  the  biliarv  calculi  of  the 
fecond  yarictv,   obferved  thev  were   foluble   in   alcohol. 
Having  digefted  them   with  good  fpirit  of  wine,  he  re- 
marked, that  after  a  certain   time  this  liquor  was  filled 
with  vtTV  delicate,    fliining,  cryftalline    particles,    hav- 
ing all  the  appearance  of  a  !alt.     His  experiments  on  this 
fubftanee  j»;ave   hirii    rcafon   to   fuppofe,    that   it  was  ah 
oily  fait,  analogous  in  fome  of  it's  properties  to  the  acid 
fait  called  the  flowers  of  benzoin  ;  but  it  appears,  he  knew 
nothing   further  of  it's   nature.     Thi^  f:dt    he  thought 
was  Old  V  contained  in  tlichiunaa  gall  Iloiie,  as  he  was  not 
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able  to  find  it  in  that  of  the  ox.  This  verv  finoular  cir- 
cuniilance  merits  confirmation,  for  Fourcroy  and  Vau- 
queUn  have  found  a  fmall  quantity  of  lamellated  matter 
in  the  calculi  of  that  quadruped. 

The  difcovery  of  this  matter  has  elucidated  feveral  facts 
that  had  been  collected  by  the  Society  of  Medicine  at 
Paris,  on  the  calculi  of  the  gall-bladder.  This  fociety 
received  from  it's  correfpondents  fome  of"  thofe  of  the 
third  clafs,  which  had  not  been  defcribcd.  They  were 
mafTes  of  tranfparcnt  cryfialHne  lamellae,  refembiing 
mica  or  talc,  and  abfolulely  of  the  fame  form  as  the  mat- 
ter extracted  by  Poulletier.  It  appears,  that  the  human 
bile  is  capable  of  furniiliing  a  great  quantity  of  thefe 
cryftals,  as  the  fociety  has  in  it's  collection  a  gallbladder 
intirely  filled  with  this  tranfparent  faline  concretion. 
Fourcroy  informs  us,  that  he  received  from  Lepreux  and 
Halle,  two  bladders  full,  perfectly  fimilar,  from  which  ponnd  tobe 
examination  he  found,  thev  were  of  an  oily  nature,  ana-  ^'^-^'"s"''^ 
logous  to  that  of  fpermaceti.  teti  by 

It  will  not  be  miproper  to  give  a  general  view   of  the  .T.id  foimsa 
experiments  that   led  Fourcroy  to  this   conclufion,  and  |v!^c^cic7 
may  be  found  more  in  detail  in  the  Third  Volume  of  the 
Aimales  de  Chi7nie. 

He  informs  us,  that  more  than  twentv  years  are  elapfcd 
fince  the  late  Poulletier  de  Ja  Salle,  wiiiiing  to  know  tlie 
nature  of  biliary  calculi,  and  determir.e  their  folubility 
in  alcohol,  from  what  Senac  had  told  him  was  men. 
tioned  by  Valifneri,  found,  that  thefe  concretions  depo- 
fited,  in  proportion  as  the  alcohol  diffolvcd  the  greatcft 
portion  of  them,  a  foliated,  ihining,  lamellated  fub- 
ilance,  prcttv  fimilar  to  the  boracic  acid.  He  was  defi- 
rous  of  feparating  thefe  cryftalline  lamelhe  from  the  folu- 
tion,  and  collect  them  upon  a  filter,  but  foon  found  they 
were  fo  ii;i,ht,  that  akliough  in  appearance  tijey  occupied 
A  A  3 
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a  great  fpace  in  the  folution,  they  were,  on  deficcation, 
reduced  ahnoftto  nothing. 

The  finall  quantity  he  collcfted  being  put  upon  a  hot 
coal,  immediately  difappearcd  in  fmoke  and  vapours. 
This  circumftance  was  flmply  announced  in  Macquer's 
Diftionary  ofChcmiftry;  but  Macqucr  did  not  indicate, 
any  more  than  Poulletier,  the  nature  of  this  fingular  fub 
ftance.  Fourcroy  having  had  frequent  occafions  of  mak- 
ing chemical  experiments  with  Poulletier,  and  their 
converfation  often  turning  on  the  fubjeft  of  biliary  cal- 
culi, Fourcroy  firft  lays  down  the  fafts  he  learned  from 
the  laft  chemift,  and  afterwards  what  he  difcovered  him- 
felf  refpe£ling  this  peculiar  fubflance,  in  the  following 
manner. 

1 .  The  cryftalline  matter  appears  more  foluble  in  warm 
than  in  cold  alcohol ;  this  warm  liquor  paffcs  very  clear 
through  paper,  but  the  matter  feparates  from  it  fo  rea- 
dily, that  Poulletier  believed  it  to  have  pafled  with  the 
alcohol.  It  is  fcarcely  foluble  in  cold  alcohol,  /".  e,  at 
ten  or  twelve  degrees,  as  forty-eight  grains  were  depo- 
fited  out  of  fifty  on  cooling,  yet  the  liquor  continued  to 
dcpofit  a  little  on  the  addition  of  water. 

2.  This  matter  appears  to  vary  in  quantity  in  difTcrcnt 
human  biliary  calculi,  though  it  conftantly  exifls  in  all. 

3.  The  proportion   is  very  inconfiderable,  for  a  few 
-   grains  are  fcarcely  obtained  from  a  drachm  of  the  calculi. 

4.  The  calculi  of  quadrupeds,  and  particularly  of  the 
ox,  are  foluble  in  alcohol,  but  contain  no  cryftalline 
matter.  Thefe  are  the  four  fa6ls  which  Fourcrov  col- 
lefted  from  Poulletier  himfelf ;  he  then  gives  an  account 
of  his  own  difcovery.  It  appears,  that  he  had  kept  for 
leveral  years  two  gall  bladders,  abfolutelv  full  of  biliary 
finnes  ;  when  in  1785,  the  difcovery  he  had  made  on 
the  oily  nati'.re  of  the  dried  liver,  induced  him  to  examine 
what  might  be  the  nature  of  biliary  concretions.    ' 
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The  Hones  he  made  his  experiments  upon,  were  po- 
liflied,  quadrilateral,  lying  on  each  others  externally 
gray,  and  internally  of  a  brown  green  colour ;  he  found 
that  two  pounds  of  alcohol  were  fcarcely  fufficient  by  aid 
of  a  gentle  heat  to  dlflblve  two  ounces  of  thefe  pulveriz- 
ed calculi.  The  more  hard  and  brown  parts  even  refufed. 
The  warm  folution  when  filtered  was  very  clear,  and  of 
a  yellow  or  fl'ght  green  colour.;  on  coolino-,  it  quickly 
depofited  a  great  quantity  of  white  brilliant  cryftals,  re- 
fembling  thofe  of  concrete  boracic  acid.  This  experi- 
ment proved  this  matter  had  been  diflblved  by  the  warm 
alcohol,  and  was  precipitated  on  it's  cooling.  Nearly- 
one  drachm  of  thefe  cryftals  was  colle6led  on,  a  filter, 
and  had  the  properties  of  fpermaceti,  for  which,  vide  ani- 
mal oils.  This  proved  to  Fourcroy  the  great  analogy  be- 
tween this  and  the  dried  liver,  as  well  as  fpermaceti,  and 
left  him  no  longer  in  doubt  but  that  it's  fourcemuft  have 
been  in  the  liver  itfelf.  A  third  fa6f,  as  important  as  the 
preceding,  proves  the  truth  of  it. 

It  is  not  many  years  ago  fince  Walther,  but  more  par- 
ticularly Vicq  d'Azyr,  defcribed  with  great  care  a  pe- 
culiar fpecies  of  biliary  concretions,  different  from  thofe 
commonly  found  in  the  gall  bladder,  /.  e.  cyllic  calculi, 
rounded,  or  in  polygons,  formed  of  concentric  ftrata, 
gray  externally,  brown  internally,  but  never  fo  nume- 
rous in  the  bladder  as  the  firft  ;  it  has  likewife  never  been 
found  full  of  them,  but  on  the  contrary,  with  ordinary 
biliary  (lones,  whilft  here  rarely  more  than  one  is  found, 
although  more  confiderable  in  fize  than  the  common 
ones.  Thefe  folitary  concretions  are  fometimes  as  large 
as  a  pigeon's  egii,  but  in  general  do  not  exceed  the  fize 
of  the  eo-o-  of  a  fniall  bird.  Their  figure  is  nearlv  ovoid, 
fometimes  cylindrical,  almoft  always  rounded,  but  rarely 
unequal  externally  ;  their  colour  is  white,  on  breaking ; 
inflead  of  brown  concentric  flrata  or  bile  fimply  thick- 
A  A  4 
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encd,  and  denofited  in  ilrata  as  in  the  moft  common  of 
thefe  calculi,  they  have  a  lamellatcd  crylKalline  or  ftriat- 
ed  ftniflni'e,  fhining,  white,  foft  and  un6luous  to  the 
touch.  Sometimes  this  concretion,  inrtead  of  offering: 
large-  pliatcs  of  the  lize  of  it's  diameter,  only  prefents 
ftrice.  It  alfo  varies  in  colour,  for  inftead  of  the  white 
fliiiring,  lllverv,  or  micaceous  appearance,  it  is  fomctimes 
yellow  orgreenifh.  It  is  often  intermixed  with  brown 
bile  in  a  mafs  ;  a  nut  of  thickened  bile  is  always  obferved 
in  it. 

After  Haller,  who  gave  in  a  diflertation  in  1749 
many  facls  on  biliary  calculi,  we  are  informed  by  Four- 
crov,  that  Walther  has  the  beft  indicated  the  fpecies 
under  confideration ;  but  Vic  d'Azyr  has  treated  the 
fubje6l  with  more  care  and  exa6litudfe  than  even  Walther. 

Vic  d'Azyr,  however,  remarks  with  reafon,  that  che- 
miils  as  ytt  are  not  thoroughly  acquainted  with  the  na- 
ture of  thefe  concretions ;  he  obferves,  after  having  de- 
fcribed  all  the  varieties,  and  as  it  were  all  the  (hades  of 
thefe  animal  cryflallizations,  from  the  common  biliary 
ftone,  even  to  that  which  is  formed  of  this  crvftalline 
matter,  that  this  laft  fubftance  appears  to  be  the  fame  as 
that  found  by  Poulletier  de  la  Salle,  in  common  biliary 
ftones.  In  effect,  it's  chemical  properties,  according  to 
Fourcroy's  experiments,  are  perfectly  analogous.  Thefe 
cryftalline  biliary  concretions  become  foft,  and  melt  by 
lieat  like  wax  ;  but  at  a  lower  temperature,  and  abfo- 
iutely  like  fpermaceti.  They  become  fixed  and  cryftalli- 
zcd  on  cooling.  Water  has  no  effe6l  upon  them.  Hot 
alkali  difiblves  them  ;  whilft  a  great  part  feparates  on 
cooling  in  the  form  of  brilliant  talcy  lamellae.  In  a 
word,  they  prcfentcd  Fourcroy  all  the  properties  of  the- 
rcfidue  of  the  dried  and  putrid  liver,  and  of  the  brilliant 
cryflals  which  alcohol  feparates  from  the  calculi  of  thick- 
ened bile, 


CONCRETIONS.  361 

Gren  analyfed  a  (lone  which  was  of  a  yellow  colour, 
and  fmooth  lo  the  touch,  of  a  fimilar  nature  to  thofe  ex- 
amined by  Fourcroy  ;  but  Gren  affirms  that  it  was  not 
foluble  in  alcohol,  whilft  Fourcroy  was  able  to  difiTolve 
his  in  it  with  heat  entirely.  Gren  concludes  from  his 
own  experiments,  that  this  gall  ftone  was  compofed  of 
eighty-five  parts  of  cereous  matter,  and  fifteen  of  Ivmph. 

It  will  not   be  amifs  to  terminate  this  article  by  fome  PemediVj 
reflections  on  the  ufe  of  takins;  internal  remedies  for  the  ''^' "■ '''*" ^ '''^* 

O  ■•  HOP  of  Plll- 

folution  of  biliary  calculi.  aiy  calculi. 

Various  medicines  have  been  propofed  to  bring  about 
their  folution  in  the  animal  body  ;  fuch  as  foap,  a  mix- 
ture of  oil  of  turpentine  and  ether.  Sec.  ;  without  confi- 
tlering  thedecompofition  which  fubftauces  undergo  when 
taken  into  the  fvftem,  which  prevents  them  from  pre- 
ferving  their  chemical  aftion  on  the  calculi,  when  out  of 
the  body;  but  it  is  an  important  and  curious  fa6t,  that  in 
the  gall  bladder  of  the  ox  no  calculi  are  found,  except  n"  n»  fernd 
after  dry  feafons,  and  from  a  want  of  frefh  forage ;  )."  (VrHa 
and  that  during  the  fpring  and  fummer,  when  this  ani-  '^O  I'^f"^- 
mal  is  provided  with  plenty  of  green  and  fucculent  vege- 
tables, they  difappear.  The  butchers  are  v.'ell  acquainted 
with  this  circumflance  ;  they  know  it  is  from  the  month 
of  November  to  March  that  thefe  fl^ones  exift,  and  at 
this  laft  epoch  no  more  are  to  be  found.  Fourcroy  is 
of  opinion  that  this  fa6l  is  fufficient  to  fliow  the  power  of 
the  foapy  juices  of  plants  in  diflblving  thefe  calculi.  The 
analyfis  of  thefe  concretions  in  the  gall  bladders  of  the  ox 
and  the  (lieep  have  not  as  yet  been  compared  with  the 
human,  although  they  fometimes  are  found  in  large 
quantities,  and  the  only  ufe  made  of  them  has  been  in 
painting. 

Calculus  hepatlcus.  The  bile,  irr  a  ftate  of  difeafe,  not 
only  gives  rife  to  concretions  which  are  found  in  the  gall- 
bladder, but  to  others  that  occupy  the  interior  of  the 
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biliary  vefTels  of  the  liver  j  and  although  thefe  arc  far  from 
being  uncommon,  chemiftry  as  yet  has  not  attended  to 
them.  Thefe  hepatic  concretions  are  hard  and  folid,  and 
perhaps  on  analyfis  may  be  found  to  refemble  gall-flones 
in  their  compofition. 

Baillie's  Morbid  Anatomy,  p.  156,  192. — Gren's 
Verfuche  in  Gott.  S.  Dieterich  Difs.  contin.  daas  als. 
circa  Calculos  in  Cyft.  hum,  inventos.  Hall.  1788.— 
Haller's  Phyfiol. — Hen.  Fried.  Delius  de  Colelithis 
Obfervationes  et  Experimenta.  Erlang.  1782. — Hilde- 
brandt's  Anfangfgrunde,  &c. — H.  F.  Tcichmeyer  auft. 
et  refp.  \V.  H.  A.  Strochlcin  de  Calculis  Biliariis.  Jen. 
1742.  —  Gren's  Handbuch.  — Hermbftadt's  Phyfifch. 
Chemifch.  Verfuch.  &  Beobachtung. — Encyclop.  Me- 
thod, tom.  2.  Chimie.  p.  569. — Analyfe  d'une  Pierre 
retiree  de  la  Veficule  du  Fiel_,  par.  M.  Gren.  An.  de  Ch. 
tom.  5.  p.  186. 


(     363      ) 


EXCREMENTS. 

Whatever  is  feparated  or  excreted  from  the  blood  as 
ufelefs,  as  well  as  the  remnants  of  thofe  fubftances,  both 
animal  and  vegetable,  which  after  having  undergone  the 
procefs  of  digeftion,  and  fupplied  fne  body  jvith  nourifh- 
ment,  are  only  retained  until  there  is  an  opportunity 
or  neceffity  for  evacuating  them,  may  be  called  excre- 
ments. 

Thefe  are  found  either  in  a  fluid  or  folid  (late.  The 
firft  comprehend  the  urine  and  fweatj  the  fecond,  the 
feces. 


URINE. 


This  fluid  is  an  aqueous  pellucid  excretion,  feparated 
by  the  kidneys  from  the  blood  of  animals  ;  it  contains  in. 
folution  feveral  neutral  falts,  and  fome  animal  extractive 
matter,  and  is  perhaps  the  moft  variable  fluid  of  any  in 
the  animal  body.  It  differs  from  all  the  animal  fluids.  Differs  from 
by  the  prefence  of  a  peculiar  acid,  by  fome  called  the  i^^j  Q^^■^^^ 
lithic,  by  others  the  uric  acid,  from  it's  forming  the 
bafis  of  fome  of  the  calculi  of  the  bladder  and  kidneys  ; 
and  it  is  alfo  remarkable  for  containing  a  very  large  quan- 
tity of  difengaged  phofphoric  acid,  the  phofphats  of  foda, 
ammonia,  and  lime ;  but  perhaps  of  all  it's  contents, 
the  moft  curious  is  that  lately  found  in  it  by  Fourcroy, 
called  uree.  Such  are  the  principal  matters  contained  in 
this  excrement,  the  perfect  analyfis  of  which  is  not  per- 
haps at  prefent  attained. 
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Ancwnt  At  the  time  of  Pliny,  the  contents  of  this  fluid  had  not 

«pini^as  0  j^pgj-^  iiiveiligatcd,  and  even  but  few  obfervations  had  been 
made  on  it's  natural,  fpontaneous,  and  external  changes. 
The  aneients  had,  however,  made  fome  few  remarks 
refpeiSling  it,  both  in  a  healthy  and  difeafed  ftate ;  thus 
they  inform  us,  if  the  morning  urine  is  white  and  clear, 
and  the  next  after  it  higher  coloured  and  inclining  to  a 
yellow,  they  conclude  from  the  firfl,  deco6lion  was  com- 
menced, and  from  the  fecond,  that  digellion  was  perfect 
and  completed,  A  red  urine  they  confidcred  a  bad  fign, 
but  a  black  one  the  worft  of  all.  Greenifli  urine  beto- 
kened an  obftru6tion  of  fome  of  the  vifcera,  and  a  heavy 
white  fediment  was  a  fign  of  fome  difeafe  of  the  joints, 
or  principal  parts;  if  red,  the  blood  was  diftcmpercd  ; 
urine  that  contained  matter  refembling  bran,  or  had  a 
black  cloudy  appearance,  foreboded  danger,  but  if  it's 
contents  were  thick  and  fetid,  it  was  confidered  as  mor- 
tal. From  this  it  appears,  how  little  was  known  of  this 
excretion  at  the  lime  of  Pliny,  except  what  was  expofed 
to  the  moft  common  obfcrvalion  ;  and  even  in  this  ref- 
peA.  they  were  not  fortunate  in  their  remarks.  Some 
ridiculous  remedies  were  likewife  afcribed  to  it,  which, 
in  fome  countries,  common  fenfe  has  not  yet  got  the 
better  of. 

We  need  not  be  furprifed  at  the  ignorance  of  the  anci- 
ents refpefting  the  knowledge  of  the  contents  of  this 
fluid,  when  we  confider  how  fmall  has  been  the  progrefs 
of  inquiry,  and  how  imperfectly  they  have  been  examin- 
ed,- even  in  modern  days.  A  nqmber  of  writers,  fuch  as 
Moderns.  V'*"  Helmo-nt,  Henckel,  Stahl,  Binninger,  Boerhaave, 
Margraaf,  Willis,  Pott,  and  Langrifli,  had  made  us  ac- 
quainted with  fome  of  the  produ6ts  obtained  from  it  by 
diftillation,  and  cxpofure  to  different  degrees  of  heat; 
but  the  method  of  examining  this  excrementitious  fluid 
by  reagents  was  refcrved  for   the  prefent  period  ;  and  it 
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b  to  "Rouelle,  Prouft,  Scheele,  Halle,  Brngnatelli,  Ber- 
thollct,  Cruickdiank,  and  more  particularly  to  Fourcroy 
and  Vauquelin,  that  we  are  indebted  for  a  more  exa6l 
analvfis  and  more  extenfive  obfervations  on  thefubjedt. 

Three  fpecics  of  urine  have  at  prefent,  however,  onlyriiree  fpe 
been  fubmitted  to  chemical  analyfis,  viz.  the  human,  l^^jjed!^' 
that  of  the  borfe^  and  of  the  cow,  to  which  Rouelle  has 
added  a  very  few  remarks  on  that  of  the  camel ;  but  as 
the  firft  has  been  more  particularly  the  obje6l  of  inquiry, 
and  as  it's  importance  far  exceeds  any  thing  to  be  de- 
rived from  the  others,  it  will  form  the  principal  part  of 
this  article. 

Frefli  human  urine,  of  a  healthy  adult  perfon,  is  a  „ 
perfe6lly  tranfparent  aqueous  fluid,  of  an  amber  or  vi-  urme. 
nous  yellow  colour ;  it's  fmcll  is  not  difagreeable  ;  for 
tvhen  firft  voided  it  has  a  great  refemblance  to  that  of 
violet  powder,  by  which  il  is  eafily  diftinguidied  from 
all  other  frefh  animal  fubftances.  This  aroma,  hov\'ever, 
only  continues  whilft  the  urine  remains  warm  ;  it  often 
flies  off  in  a  few  feconds,  and  the  urine  become  cool,  is 
fucceeded  by  another,  which  is  tlie  true  urinous  fmell. 
To  the  tafte  it  is  faline  and  unpleafant. 

A  variety   of  circumftances  however  makes   it  differ  j^. 3  varje- 
from  this  ftandard,  and  the  difference  is  ftill  greater  when 
compared  to  that  of  quadrupeds. 

1.  The  age  of  the  perfon  from  whom  it  is  taken.     In  cauf«  of 
■  the  fetus,  it  is  without  fmell,  little  or  no  tafte,"  and  al- '^^"' 

mcft  perfeftly  aqueous.  In  childhood,  the  urine  ap- 
proaches nearer  to  that  taken  from  the  adult,  and  in  old 
age,  it  is  very  fliarp  or  acid,  of  a  difagreeable  fmell,  and 
very  high  coloured. 

2.  Whatever  tends  to  increafe  or  decreafe  the  fluids  of 
the  body.  Thus,  a  large  quantity  of  cool  drink,  the  cold 
of  winter,  repofe,  produce  a  pale  aqueous  urine  in  large 
quantity,  having  little  odour  or   tafte  ;  on  the  contrary, 
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a  full  meal  of  flefh  meat,  fpirituous  liquors,  excrcife,  or 
whatever  incrcales  perfpi ration,  as  the  heat  of  the  fum- 
mer,  tend  to  make  it  high  coloured,  in  fmall  quantit}', 
more  faline,  and  to  give  ii  more  odour  of  a  dlfagreeable 
kind. 

3.  Affections  of  the  mind.  Thus,  fear,  and  nervous 
weaknefs,  as  it  is  called,  produce  a  pale  inodorous  urine, 
in  large  quantity,  whilft  vigour  and  ftrength,  the  con- 
trary effect. 

4.  Certain  kinds  of  diet  give  it  a  peculiar  flavour, 
odour,  and  colour.  Thus,  afparagus,  olives,  garlick, 
onions,  broom,  endive,  artichokes,  horfe-radifli,  and 
vegetables  of  other  kinds  that  contain  a  ftrong  eflcntial 
oil,  are  faid  to  communicate  to  urine  their  own  peculiar 
difagreeable  fmell  ',  whilft  turpentine  perfumes  it  with 
the  odour  of  violets.  Similar  effects  are  mentioned  by 
Galen  and  Diofcorides,  who  informs  us,  that  the  ancient 
phyficians  remarked,  that  the  ufe  of  certain  roots  which 
they  adminlftered  to  their  patients  communicated  a  co- 
lour to  their  urine  and  excrements,  and  this  obfervation 
has  been  repeated  by  Cardan,  Thurneifler,  Porta,  Caf- 
ter,  Durantes,  and  others. 

Macquer  informs  us,  he  has  known  pcrfons  accuf- 
tomed  to  the  hcadach  and  bad  dlgeftlon,  whofe  urine 
retained  the  moft  evident  odour  of  the  food,  fiich  as 
coffee,  roots  of  various  forts,  fruits,  pulfe,  and  even  of 
foups  and  broths,  particularly  when  made  of  the  indi-. 
geftible  kind  of  meat,  and  in  fuch  urines  he  conftantlv 
found  an  acid  immediately  after  evacuation.  According 
to  Plenck,  an  infufion  of  tea  or  of  caffia  fiftula  gives  the 
urine  a  greenlfh  colour ;  the  fruit  of  the  opuntia  a 
red,  and  the  rhubarb,  a  yellow  colour.  In  the  herbi- 
vorous animals  it  is  found  to  be  more  or  lefs  fetid  ;  in 
the  carnivorous,  fliarp  and  acid,  whilft  fome  have  pe~ 
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«uHar  odours,   as  thofe  of  the  cat,  the  fitchet,  the  ti- 
ger, &c. 

Urine  from  it's  putting  on  feveral  appearances  in  the  Divifion  of 

J  1-  rr  •  1         »  ^^  '"*''  crude 

fame  perlon  when  evacuated  at  dmerent  times  has  been  and  con- 

called  by  phyficians  under  different  titles.  When  eva-  '^'''^^'^' 
cuated  an  hour  or  two  after  taking  in  food,  it  is  com- 
monly very  aqueous,  and  authors  give  it  the  name  of 
crude  urine;  whilfl  that  in  the  morning,  which  is  high 
coloured,  fomewhat  acid,  and  thicker,  from  the  more 
aqueous  parts  having  been  reahforbed,  has  the  name  of 
urine  of  concodion^  from  digeftion  having  been  fuppofed  to 
be  over. 

The  fpecific  gravity  of  healthy  urine,  according  to  Specific 
Cruickfhank,  varies  from  1005  to  1033,  diitilled  water 
being  at  1000;  but  the  fubilances  which  form  it's  con- 
tents vary  fo  much  in  their  proportions,  even  in  the  fame 
perfon,  that  it  is  extremely  diffieult  to  fix  upon  what  may- 
be confidered  as  a  flandard  of  the  fpecific  gravity  of 
healthy  urine. 

If  frefh  healthy  urine  be  left  to  repofe  in  the  open  air;  It's  changes 
the  changes  it  undergoes  have  been  divided  by  Halle  into  to  the  air. 
four  periods. 

1.  The  firfl  takes  it's  rife  with  that  of  the  peculiar 
urinous  fmell,  which  is  perceived  a  few  hours  after  having 
been  voided.  Scarcely  is  the  urine  cold,  before  a  tur- 
bidnefs  appears,  which  is  very  flight,  and  coalefcing  into 
a  cloud,  finks  to  the  bottom.  The  urine  is  then  clear  period.''"' 
again.  This  depofit  is  turbid,  femitranfparent,  whitifh, 
and  refembles  a  very  white  jelly,  of  which  it  has  all  the 
properties,  whilft  Seguin  affirms,  that  healthy  urine 
contains  no  gelatin.  This  gelatinous  depofit  is  only 
found  in  urine  of  decoilion.  In  a  day  or  two  a  fecond 
depofit  takes  place,  which  is  faline  :  there  is  no  appa- 
rent Inrbidnefs,  but  there  arifes  a  more  or  lefs  thick  pel- 
licle on  the  furface,  whilfl  the  internal  fides  of  the  glafs 
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become  more  or  Icfs  coated  with  a  granular  and  cryfial- 
lized  rind,  fomeiimcs  of  a  vvhitifh,  vcllowifh,  or  of  a 
red  brick  colour  ;  at  other  times  this  variety  of  colour  is 
obferved  in  the  fame  iirine.  In  the  laft  cafe,  the  red 
cryftals  being  greater  and  more  heavy  than  the  refl,  are 
the  firft  to  fall  down.  Sometimes  thefe  two  depolits 
take  place  at  the  fame  time,  but  only,  as  Halle- is  of  opi- 
nion, wlien  in  adifcafed  ftate.  By  edulcoration  this  red 
part  is  deprived  of  it's  colour.  The  pellicle  only  ap- 
pears to  diifer  from  the  rind  by  the  mucus  that  unites 
it's  particles.  Sometimes  the  pellicle  exhibits  the  co- 
lours of  the  rainbow,  and  is  extremely  thin  and  oily. 
They  are  both  fandy  to  the  touch,  faline  to  the  tafte,  and 
fomewhat  earthy. 

_  -  2.  Whilll  thc'urinous  fmell   increafes,  the  urine  be- 

2.  Sour  pe-  ' 

riod.  comes  darker  coloured,  and  the  fecond  period  commences 

by  a  fmr  fmcllj  refembling  four  broth,  or  the  cafeous 
part  .of  milk  when  turned.  This  four  fmell  does  not 
take  place  in  every  urine,  but  is  more  peculiar  to  crude  : 
in  fome  it  is  fcarcely  to  be  obferved,  in  others,  it  will 
continue  two  or  three  or  more  days,  and  it  rarely  takes 
place  before  the  third  day.  During  this  period,  a  white 
grcenifli  mould  arifes  on  the  furface  of  the  pellicle,  and 
the  larger  the  quantity  of  mucus,  the  fooner  it  i.s  per- 
ceived :  it  refembles  that  on  the  juices  of  vegetables, 
and  folutions  of  animal  jelly,  and  it  takes  place,  al- 
though the  vefTcl  be  hermetically  fealed. 

3.  Alkalir-e      3.  The  urinc  being  now  of  a  red  colour,  the  third  pe- 
penjd.        j.JqJ  takes  place  by  an  evolution  of  alkali,  producing  the 

fmell  of  ammonia.  There  is  a  turbidnefs  at  the  fame 
time,  and  a  number  of  larore  and  fmall  flocks  in  it  which 
caufe  a  third  depofit,  of  an  opake,  white,  fmoolh  mat- 
ter, refembling  marrow  to  the  touch,  and  of  an  earthy 
rather  than  faline  tafte:  when  this  alkaline  fmell  is  very 
ilrong,  the  urine  becomes  clear  again,  but  grows  darker. 
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This  ammoniacal  fmell  foinetimes  immediately  fucceeda 
tlie  four  fmell ;  at  other  times,  there  is  an  interval, 
when  the  la(l  is  only  perceptible  ;  and  at  other  times, 
when  there  is  no  four  fmell,  it  is  very  evident  on  the 
third,  and  even  on  the  fecond  day,  but  often  not  until 
the  fifteenth  or  twentieth,  or  even  later.  It  immediately 
deftroys  the  mould.  During  this  ftage  the  urine  effer- 
vefces  ftrongly  with  acid. 

4.  The  urinous  fmell,  which  has  been  more  or  lefs  4  Pi,tn<i 
perceived  in  conjunction  with  the  alkaline  or  ammoni-  l-"-"'"^- 
acal,  is  now  deftroyed  ^long  with  it,  by  the  fourth  or 
putrid  period.  This  is  known  by  a  naufeous,  cadaverous 
fmell,  the  gelatinous  parts  of  the  fediment  become  de- 
compofcd,  and  are  converted  into  a  dirty  gray,  clotted 
mafs,  which  ends  with  the  deftru6lion  of  all  the  pro- 
perties of  the  urine.  When  this  putrid  flench  has 
ceafed,  the  reft  is  perfeftly  inodorous,  the  putrefaiSlive 
procefs  being  entirely  over.  It  may  be  oijferved,  that 
during  thefe  periods,  the  colour  of  the  urine  becomes 
changed,  the  principal  varieties  of  which  are,  a  gold 
yellow,  brown  yellow,  reddifli  brown,  red  and  dark 
brown,  whilft  the  taftc  grows  more  {harp  and  penetrat- 
ing. We  are  informed  by  Roaelle  and  Halle,  that  crude 
urine  is  not  fidajeft  to  the  putrefa6live  ftage. 

Having   examined  the  changes     urine    undergoes  in  sediment  of 
it's    fmell,    colour,  and  depofitions  when  in   a  healthy"''"*'^"*' 

.  ■'   mined  by 

ftate,  we  are  enabled  by  the  obfervalions  oi  B-uHnaielli  Eruguaidii. 
to  give  fome  account  of  the  colours  and  properties  of 
the  fediment  of  urine  in  a  {late  of  difeafe.  The  ap- 
pearances the  fediment  puts  on  in  different  difeafes  are 
various  ;  fometimes  it  appears  in  the  form  of  bran,  or 
fine  fand  ;  at  other  times  it  refembles  threads  v/hich  have 
been  taken  for  worms ;  fometimes  it  appears  in  the 
form  of  a  thick  cloud,  and  at  other  times  like  pus.     In 
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healthy  people,  the  colour  of  the  fedimcnt  is  almoR  al- 
ways white,  but  in  difeafc,  it  appears  of  various  colours, 
fuch  as  gray,  dark  coloured,  gold  yellow,  greenifh  yel- 
low, red  and  black.  The  moft  ufual  colour  of  the  fedi- 
nient  of  difcafed  urine  is  red,  fometimes  of  a  pale  brick 
colour,  at  other  times  fo  deep  as  to  furpafs  the  moll 
lively  coloured  cinnabar.  The  colour  of  the  fediment  is 
likewife  fometimes  quite  oppofite  to  that  of  the  urine. 
Brugnatelli  has  feen  white,  afh-colourcd,  greenifli  and 
rofc  coloured  fediuients  in  pale  and  yellowilh  urines  ;  and 
afli  and  amber  coloured  fediments  in  reddilh  and  deep  red 
urine. 
Thecniotir       This   diverfitv  of  colour  has  not  been  accounted  for. 

srconnted  \ 

tor.  Moil  of  the  ancients  attributed  the  colouring  matter  to 

the  more  or  iefs  changed  ftate  of  the  bile,  and  from  this 
caufe  they  were  of  opinion^  the  vcUow,  ycllowifli  green, 
and  the  reddifli  coloured  parts  of  urine  arofe. 

Willis  thought  the  amber  colour  in  urine  orijrinated 
from  the  prefcnce  of  a  kind  of  liver  of.  fulphur.  Ac- 
cording to  Brugnatelli,  the  red  coloured  fediment  is 
owing  to  the  blood  ;  and  he  fupports  his  opinion,  bv 
alTerting,  that  the  high  coloured  fediment  of  a  dropfical 
patient  produced  with  an  alkali  a  lixivium  fanguinis 
that  precipitated  green  vitriol  of  a  blue  colour,  but  that 
this  was  not  the  cafe  with  the  white  and  afh  coloured  fe- 
diments. According  to  Schetle,  the  red  colour  is  owing 
to  the  lithic  acid.  IJildebrandt  is  of  opinion,  the  higher 
or  weaker  colour  in  urine  moft  probably  depends  on  the 
greater  or  Iefs  quantity  of  carbon ;  and  thcfc  two  lait 
opinions  appear  the  mod  probable,  fince  the  red  coloured 
urines  are  more  ftiturated  with  faline  fubftances  than  the^ 
others,  and  particularly  with  the  lithic  acid  ;  and  it  is* 
well  known,  that  when  urine  begins  to  corrupt  the  co- 
louring matter  is  the  firfl  that  undergoes  a  change,  paf- 
lint'  through  different  fluitlcs  i\nLi]  ii  becomes  very  daik 
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coloured,  in  which  procefs  the  carbon  a6l3  a  confiderable 
part. 

Brugnatelli  having  colledled  the  fediments  of  difeafed 
urine,  extracted  the  faline  particles  by  lixivialion  with 
diftilled  water,  and  dried  the  remainder  in  the  open  air. 
It  was  white,  light  and  britde,  (liowed  no  difpofition  to  de- 
liquefce,  and  had  not  the  difagreeable  urinous  fmell  as  be- 
fore. It  afforded,  when  rubbed  with  lime,  no  trace  of  vola- 
tile alkali.  Cold  water  converted  it  into  a  vifcou's  gluey 
fubftance,  hut  did  not  diffolve  it.  It  became  however 
putrid  in  awarmifh  air,  and  burned  with  a  fmell  of  burnt 
hair  to  a  coal.  This  fediment  was  diffolved  by  warm 
water,  with  the  prefervation  of  it's  colour.  The  red  fe- 
diment that  produced  a  red  folution  became  yellowifh  on 
the  addition  of  nitrous  acid,  but  refumed  it's  red  colour 
again  on  adding  fome  alkali.  Some  of  thefe  folutions 
gave  marks  of  a  difengaged  acid. 

The  fediment  of  healthy  urine  which  fpontaneoully 
feparated  on  repofe  refembled  that  of  difeafed.  Lime 
water,  fixed  alkali,  and  folution  of  foap  diffolve  a  little  of 
thefe  fediments.  Acids^  as  the  acetous,  phofphoric  and 
vitriolic,  produce  little  or  no  change  on  them.  Smoking 
fpirit  of  fait  diffolved  it  perfe£lly  when  heated,  and  the 
nitrous  acid,  which  a6led  even  in  the  cold,  raifed  a  thick, 
yellowifli  fcum,  that  tinged  the  Ikin  yellow,  and  after* 
wards  produced  a  beautiful  fcarlet  colour.  By  diftilla- 
tion  with  nitrous  acid,  the  acid  of  fugar  was  procured 
from  the  fediment.  Such  are  the  imperfect  experiments 
of  this  chemift. 

If  firfl  healthy  urine  be  fubmitted  to  diflillation  notunnefub- 
beyond   a  boilino;  heat,  a  mere  water  is  obtained  of  a"''"^*^^" 

IT  1  1        <>        M  •  dllliUatWR. 

dilagreeable  fmell,  which  forms  the  greater  part  of  the 
urine.  It  amounts  to  about  I  of  it,  and  is  neither  acid 
nor  alkaline.  The  urine  on  continuing  tlie  evaporation, 
becomes  browner  and  darker  coloured,  gets  very  turbid, 
and  a  certain  quantity  of  an  earthy  looking  pulverulent 
B  B  2 
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matter  is  dcpofitcd,  that  has  been  taken  for  fclenltc,  but 
is  the  phofphat  of  Hine  or  earth  of  bones,  with  a  fniall 
cxccfs  of  acid.  'J'his  fait  is  of  diiTieult  fokibihtv,  and  i;> 
mixed  with  a  httle  coneretc  iithie  acid.  On  being  eva- 
porated to  the  confiftence  of  a  clear  firup,  or  cream,  it 
is  to  be  placed  in  a  frcth  place  to  cod,  in  order  to  obtain 
a  cryftallizaiion  of  the  faline  fubllanccs.  The  firfl:  crvf- 
tals  that  appear  are,  according  to  JVIacquer,  the  microcof- 
mic  jalt^  known  by  the  names  of  native  of  cfTcntial  fait 
of  urine,  fufible  or  phofphoric  fait ;  it  is  a  faline  fub- 
ilancc,  inbrownifli  prifnuitic  cryita's,  compofcd  of  two 
falts,  viz.  the  piiofphat  of  ammonia,  and  of  mineral 
alkali;  but  according  to  Fourcroy,  the  lirll  crydals  are 
thofe  of  marme  fah.  By  repeated  evaporation  and  cryf- 
tallization,  feveral  lucceffive  products  of  cryftals  are  ob- 
tained ;  afterward  the  lefs  cryltaliizable  falts,  as  Macquer 
informs  us,  which  are  connnon  fait,  and  digeftive  fait 
of  Sylvius,  or  febrifuge  fait  ;  the  remainder  is  a  brown, 
bitter,  fapouaceous  extraclive  maticr,  which  is  looked 
upon  as  a  fort  of  motlicr  lye.  The  quantity  of  extrac- 
r.vtijaive  j^j^.g  j^atter  is  more  variable  than  that  of  any  other  fub- 
uiiifd,  fiance,  hvilcrical  or  crude  urine  containing  fcarcely  any 
of  it,  vvhiht  that  of  concoction  abounds  with  it.  The 
moft  frefh  urine  exhales  by  a  fomewhat  ftrong  hciit  an 
ammoniacal  odour,  which  Fourcroy  thinks  probably  arifes 
from  the  decompofition  of  the  phofphat  of  ammonia. 
By  a  ftrou'Ter  heat,  as  the  diiiillatiun  continues,  the  ex- 
tractive matter  aflbrds  water,  containing  the  carbonat  of 
kumionia,  a  part  of  w  hich  is  likewife  formed  in  a  con- 
crete (late  ;  a  very  fetid  cmpyrcumatrc  oil  3  and  on  the  fire 
i):ing  pulhed  as  far  as  poffi'dle,  a  little  phofphorus  is 
obtained,  produced,  from  the  fufible  fait  that  could  not 
be  feparated  by  cryftallizaiion,  and  an  animal  coal  is  left 
of  dirlicult  incineration,  in  which  ii  found  a  little  nui- 
rjatof  fodaj  hence  this  extraiSlive  matter '  appears  to  af- 
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ford  nothing  more  than  the  ufuai  produ£ls  of  animal  fub- 
ftanccs. 

By  a  more  exact  analyfis  of  this  extra6livc  matter  of  £xaminel 
urine,  Roucile  difcovercd  that  urine  contains  two  fub- ''^  ^"^"'""^•' 
fiances  in  lolution,  which  cannot  be  procured  leparate 
by  means  of  fire.  By  treating  the  foft  extra6l  by  fpirit 
of  wine,  one  portion  is  diflblved,  whilii:  the  other  part 
remains  untouched.  He  lias  called  the  Cwil,  japcnciLeous 
matter  ',   the  feeond,   extraciive  matter. 

The  firjt  he  found  to  be  faline,  foluble  in  fpirit  ofsaoonarp- 
wine,  and  crvflallizable,  it  is  not,  however,  cafilv  dried  on  ""^  ?'^^  <^'^* 
the  water  bath  ;  it  is  delinuefcent,  affords  more  than  one  matters. 
half  it's  weight  of  ammonia,  a  little  oil  and  murial  of 
ammonia.  It's  refidue  changes  the  firup  of  violets 
green.  T\\q [econd  is  foluble  in  water,  bnt  not  fo  in  fpi- 
rit of  wine  ;  hence  it  refembles  the  gummy  and  mucila- 
ginous parts  of  vegetables,  is  cafily  dried  on  the  water 
bath,  like  their  e.\tra-£ls  ;  it  is  black,  Icfs  deliquefcent 
than  the  former,  and  by  dry  diftillation  affords  the  fame 
produfts  as  animal  jelly.  Rouclle  obtained  from  one  pint 
of  urine,  from  one  ounce  to  1  ounce  and  half  of  extract; 
this  urine,  however,  was  voided  after  conco<5lion  ; 
whereas  the  fame  quantity  of  crude  urine  only  afibr^^ed 
1,  2,  or  3  drachms.  He  likewife  found  thefe  two  mat- 
ters in  the  urines  of  the  cow,  the  horfe,  and  the  caniel, 
but  the  extractive  matter  of  the  human  lu^ine  is  in  very 
fmall  quantity.  According  to  Criiick(liank,  36  oz.  of 
urine  yield  a  refiduum  varying  from  1  to  1  oz.  and  half. 

The  analvns  of  urine  bv  thefe  means  fliows  that  it  is  ^ 

Component 

compofed  of  much  water,    difrngaged   phofphoric    and  pans  of 
lithic  acids,  the  muriats  of  potaili  and    foda,  the  phof- 
phats  of  foda,  ammonia  and  lime,  and  tvvo  peculiar  ex- 
tractive  matters,  which  according  lo  Foiircroy  give  this 
fliiiid  it's  colour, 
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The  relative   proportions  of  the  component   parts  of 


clrac. 

grs. 

.   1     . 

.   0 

.  3     . 

.   50 

0     . 

.   25 

.   3     . 

.   40 

paruousac-  urine  in  a  healthy  dale,  Cruickfliank  is  of  opinion,  may 

cording  to  ^ 

Cruick-       be  nearly  as  follows  : 

iLa.k. 

oz. 
Of  muriatic  falls  0 

phofphoric  0 

lithic  acid  and  phofphat  of  lime 
with  excefs  of  acid  ....     O 

animal  extra£tive  matter  ....  0 
The  neutral  falts,  when  purified  by  cryftallization,  are 
generally  very  fufible.  This  however,  depends  upon  the 
greater  or  lefs  proportion  of  phofphoric  falts,  particularly 
the  phofphat  of  ammonia,  on  which  their  fufibillty  in  a 
great  meafiirc  arifes.  Sometimes  inftead  of  melting,  this 
faline  matter  decrepitates  when  fuddenly  heated,  owing  , 
to  an  excefs  of  the  muriatic  falts,  of  which  the  muriat 
of  potafli  is  in  general  the  mofl  prevalent,  and  is  eafily 
dillinguillied  from  the  muriat  of  foda,  by  it's  cryftal- 
lizing  in  fome  degree  on  cooling,  and  by  it's  affording 
cream  of  tartar  on  adding  acid  of  tartar.  In  recent 
ojrine,  this  chemift  found,  that  the  ammoniacal  falts 
bear  a  very  fmall  proportion,  but  when  ftale  or  putrid, 
they  are,  as  may  be  expe6led,  much  more  abundant. 
The  phofphat  of  ammonia  is  the  principal,  although  the 
muriat  of  ammonia  is  llkewife  to  be  met  with. 
Ptitiidurine.  Urluc  is  very  much  inclined  to  putridity,  and  under 
certain  circumftances,  as  in  very  warm  weather,  we  are 
told  by  Macquer,  that  ten  or  twelve  hours  are  fufHcicnt 
to  produce  it;  if  the  heat  be  at  the  highefl:  natural  tem- 
perature, it  will  undergo  this  fpontaneous  decompofition 
in  five  or  fix  hours,  or  lefs;  it  then  has  a  dlfagreeable, 
fiinking,  Oiarp  iieuetraling  fnicll,  in  which  the  fmell  of 
ammonia  is  very  perceptible ;  urine  being  one  of  thofe 
iinimal  matters,  from  which  this  fait  is  ex  traveled  in  the 
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oreatefl  quanritv  during  the  putrid  ilatc.  It  now  changes 
the  (imp  of  violets  to  a  green  colour,  and  gives,  by  dil- 
tillation  on  the  water  bath,  a  volatile  alkaline  fpirit,  that 
has  been  called  the  fpirit  of  urine,  or  fpiritus  urinae.  It 
U'ould  appear  that  the  difagrceable  fmell,  which  arifes 
previous  to  the  alkaline  in  thefc  fuddcn  changes  of  urine, 
proceeds  from  this  fait ;  for  if  an  acid,  fuch  as  vinegar,  be 
poured  into  urine  which  is  beginning  to  llink,  the.  Ilench 
is  immediately  deftroyed  together  with  the  penetrating 
alkaline  fmell;  on  the  contrarv,  if  fixed  alkali,  or  un- 
packed lime  be  mixed  with  the  frcflieft  urine,  it  immedi- 
ately gives  rife  to  the  fame  penetrating  putrid  aroma. 

Rouelle,  in  his  examination  of  the  nature  and  propor-  Examined 
lions  of  the  falts  in  putrid  urine  found  no  evident  diffe- 
rence from  thofe  collefted  from  this  fluid  when  frefli 
voided  ;  however,  in  the  faponaceous  and  extra6live  parts 
the  change  was  confiderable.  According  to  Hildebrandt, 
foul  urine,  does  not  afford  fo  much  fufible  fait  as  frefli, 
fince,  during  the  putrefa£live  ftate,  the  ammonia  is  con- 
ftantly  efcaping,  leaving  the  phofphoric  acid  behind. 
The  fame  takes  place  iikewife  if  putrid  urine  be  evapo- 
rated in  a  water  bath,  to  the  confidence  of  honey;  ia 
other  refpc6ls,  it  does  not  differ  from  freih  urine. 

Urine  was  formerlv  confidered  as  an  alkaline  lixivr- Aaionof 

•  ,    •  ,.,.'  I     1  •        1  •        1       reagents  on 

um,  until  It   was  dncovered  that'll  always  contained  a  healthy 
difengaged  acid,  in  it's  healthy  (late,  and   when   recent,"""^* 
for  if  it  be  kt^t  any  length  of  time,  there  is  a  produc- 
tion of  ammonia;  hence  for  examination   it  is  requifite 
that  it  fhould  be  frefli  voided. 

Frefh,   healthy  urine  reddens  the  tinfture  of  Ikmus. 

Acids  produce  no  precipitation  in  it;  the  nitrous, 
however,  caufes  an  efl'ervefcence,  and  gives  it  a  reddilh 
colour. 

Cauftic  vegetable  and  mineral  alkalis,  and  quicklime, 
B  E  4 
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when  adcictl  to  urine,  produce  an  infupportahle  alkaline, 
putrid  fmel!,  by  dccompofing  the  phofphat  of  ammonia. 
If  a  Iblution  of  volatile  alkali  be  dropped  into  it,  a  flight 
cloud  is  produced,  which  is  the  phofphat  of  lime,  two 
grains  of  which  mav  be  obtained  from    four  ounces  of 


urine. 


^Ttthod  of       Rouelle.    Macnuer,    and    Halle,  having  looked  upon 

>!<iihotletto        .  '  ^  /  ... 

find  the  urinc  when  frefh  as  not  poflefling  any  acidity,  it  was 
ph^fplioric  confidered  in  that  light,  until  the  more  exaft  experi- 
*<^"'-  rr.ents  and  obfervaiionsof  Scheele  and  BerthoUet  proved 

the  contrary.  Scheele  affirmed,  that  it  contained  not 
only  the  phtjfphonc  but  the  lithic  ;  but  BerthoUet  proved 
that  it  was  the  phofphoric  only,  in  a  difengaged  ftatc,  or 
rather  combined  in  excefs  with  calcareous  earth,  and  he 
has  given  us  the  following  method  of  determining  the 
proportion  of  this  acid  exifting  in  different  urines,  by 
By  limewa-  means  of  limewater  and  ammonia.  For  this  purpofe, 
a  quantity  of  limewater  is  mixed  with  the  urine,  and  the 
precipitate  (from  which  phofphorus  may  be  obtained)  is 
to  be  collected  on  a  filter.  This  precipitate  arifcs  from 
the  union  of  the  lime  with  the  excefs  of  the  phofphoric 
acid,  and  confifts  of  the  phofphat  of  lime  naturally  con- 
tained in  the  urine,  and  fufpended  in  it  by  excefs  of  the 
phofphoric  acid,  and  that  formed  bv  the  lime  fupcradded 
Andammp.  *^  ^his  excefs.  Having  likewife  obferved,  that  ammonia 
^''*'  precipitates  the   calcareous  phofphat  of  lime  by  neutra- 

lizing the  excefs  of  acid  which  held  that  fait  in  folution, 
he  remarks,  that  the  weight  of  this  precipitate,  compared 
with  that  produced  by  limewater,  indicates  the  quantity 
of  difengaged  pliofphoric  acid  contained  in  the  urine; 
becaufc,  in  fadt,  the  phofpliat  of  ammoni'i  formed  in  this 
experiment  remains  di'lblved,  whiift  the  phofphat  of  lime 
produced  by  the  limewater,  being  infoluble,  is  precipi-- 
taied  at  the  fame  time  as  the  other  portion  of  calcareous 
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phofphat  which  naturally  exifts  in  the  urine.  Accord- 
ing to  Bonhomme,  the  urine  of  infants  coniains  no  acid  ; 
but  Weber  has  proved  the  contrary. 

An  infufion  of  tan  or  oak  bark  dete6ls  the  gelatin,  and  Adionaf 
the  quantity  of  coagulum  thrown  down  will,  in  general, 
bear  a  certain  proportion  to  the  extraftive  matter.     From 
four  ounces,  Cruickihank  obtained  four  grains  of  this 
kind  of  precipitate. 

Corrofive  muriat  of  mercury  has  no  immediate  efieft  Mmiaiof 
on  urine.     Urine,  however,    decompofes  many  metallic  "^'^'"'^'"'J^- 
folutijns.      Lemery  diftinguifhed  by  the   name  of  the 
rofe-coloured  precipitate  a  magma  of  that  colour,  which 
is  formed  when  the  nitrous  folution  of  mercury  is  poured  Nitratof 
into  urine.     When  the  nitrat  of  mercury  in  folution  ij^*"'="n^- 
added  to  frefh  urine,  it  produces  a  rofy-coloured  precipi- 
tate, which  is  the  phofphat  of  mercury,  ariling  from  the 
decompofition  of  the  phofphats  in  the  urine.     Accord- 
ing to  Fourcroy,   this  precipitate  is  formed  partly  by  ihe 
muriatic  acid,  and  partly  by  the  phofphoric  ;  and  Erong- 
niart  has  obferved,  that  this  fometimes  inflames  by  fric- 
tion.    According  to  Bonhomme,  the  nitrat  of  mercury 
has    no   efiecT:   on    the  urine  of    chiluren ;   but    in    old 
people,  it  produces  a  very  abundant  precipitate,  of  a  gray 
colour,  which  is  the  phofphat  of  mercury  ',  hence  he  con- 
cludes, that  the  phofphoric  acid  increafes  in  proportion  to 
the  age,  and  confequently  in  proportion  to  the  deftru6lion 
of  the  folids,  which  is  operated  by  age. 

Muriat  of  barytes  precipitates  the  phofphoric  falts.  Munztoi 
By  this  method  four  ounces  of  urine  produced  a  precipi-  ^'J^^"- 
tate  with  it  of  13  grains,  which  is  equal,  according  to 
Cruickfhank,  to  about  24  or  25  grains  of  microcofmic 
fait,  confiding  of  fuch  a  mixture  of  the  phofphats  of 
foda  and  ammonia  as  are  ufuallv  met  with.  This  is 
therefore  a  teft  that  may  determine  whether  thefe  falts  are 
deficient  or  in  too  great  quantity. 


iron. 


Acetite  of 
Jead. 
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Suiphat  of  Sulphat  of  Iron  hasa  fimilar  effeft  to  muriat  of  barvtc?, 
but  as  a  little  exccfs  of  acid  might  prevent  the  feparation 
of  the  phofphat  of  iron,  it  is  not  fo  certain. 

Acetite  of  lead  being  deconipofed  by  the  muriatic  and 
phofphoric  falts,  forms  wiih  the  laft  an  infoluble  precipi- 
tate, but  the  muriat  of  Iciid  may  be  diflblved  by  18  or  20 
times  it's  weight  of  water.  This  reagent,  therefore,  gives 
a  ready  method,  according  to  Cruickdiank,  of  determin- 
ing their  relative  proportions ;  for  if  a  given  quantity  of 
urine   be  precipitated  by  this  fubftance,   the  precipitate 
dried,  and  digefled  in   CO  times  it's   weight   of  diftillcd 
water,  the  remainder  mufl  be  phofphat  of  lead,  and  the 
quantity  taken  up  will  indicate  the  proportion  of  muriat 
of  lead.     Four  ounces  of  urine  gave  a  precipitate  of  31 
grains,  feven  of  which  were  taken  up  by  digcfling  it  in 
diftillcd  water;  the  remaining  24  grains  were  found  to  be 
phofphat  of  lead,  equivalent  to   23  or  24  grains  of  mi- 
crocofmic  fait. 
To  tiifcovcr      ^s  the  lithic  acid  and  phofphat  of  lime  are  generally 
acid  and      dcpofited,   at  lea  ft  iH  great  meafure,  after  the  urine  has 
firne'^by    °  becomc  cool,  and  ftood  for  fome  time,  this  chemift  af- 
^'"'k'^'       fi^'rts,    that   they  may  be  eafily  diftinguifhed  by  dilToIving 
ir.othod.       them  in  twice  their  weio;ht  of  nitrous  acid  diluted  with  a 
little  water,  and  evaporated  to  drynefs ;  th^mdfs,' when 
hot,  will  afl'ume  a  beautiful  deep  rofe  or  crimfon  colour, 
if  the  lithic  acid  be  prefent,  but  will  continue  white  al- 
though heated  even    to  drynefs,  or  have  onlv  a  ftio-ht 
grecnifh  tinge,  when   there  is  nothing  but  phofphat  of 
Anfi  ihrir    lime.     Their  relative  proportions  may  be  afcertained  by 
p.jportio.is.  exponng  the  mixed  m.afs,  for  fome  time,  to  a  red  heat  ni 
a  crucible,  when  the   lithic  acid  will   cither  burn  out  or 
evaporate,   leaving   the  phofphat  in   a  pure  ftate.     The 
quantity  of  the   firft   was  found  to  vary  exceedingly,  but 
the  laft  was  in  general  nearly  the  fame,  the  proportion 
being  about  one  grain  to  two  oiincs. 
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The  urine  mav  be  confldered  both  chemically  and  me-  ^ri'ie  <^""- 

•  _  _  ^  fideicd  as  a 

dicaliy,  as  a  fluid  containing  the  faline  and  other  foluble  ftandaidin 

,  7         r  I    /•      •  1  -1  1  •  liealtli,  and 

part^,  that  are  not  only  ulelcls  in  the  anunal  machnie,  difeau. 
but  which  might  hurt  and  derange  it's  fanclions,  if  not 
extricated  from  it;  and  fccondly,  as  an  evacuation,  the  pro- 
portion of  theprinciples  of  which,  by  varying  wilii  the  (late 
of  the  body,  becomes  a  fpccies  of  meafure  by  which  the 
degrees  or  modifications  of  health  and  difeafc  mav,  in 
fome  meafure,  be  known.  It  is  found  by  experience,-  that 
the  difengaged  acids,  and  the  phofphat  of  lime  it  con- 
tains in  particular,  undergo  very  Angular  chansres  in  dif- 
eafes  of  the  joints  and  bones,  as  in  the  rickets,  &c.  A 
large  proportion  of  faecharine  matter  is  found  in  the 
urine  in  diabetes;  and  although  numerous  future  ol)fer- 
vations  are  wanting,  before  an  exa6l  knowledge  of  the 
effefts  of  difeafes  on  this  fluid  can  be  acquired,  yet  fome- 
thing  may  be  gained,  even  in  it's  prefent  infant  ftate  of 
inveftigation.  For  inflance,  we  are  informed  by  Berthol- 
let,  that  the  urine  of  gouty  and  rheumatic  patients  habi- 
Tually  contains  much  lefs  phofphoric  acid  than  healthy 
nrine;  but  during  the  accefs  of  the  gout,  a  larger  quan- 
tity than  ufual  (though  not  more  than  that  of  a  ftrong 
perfon),  and  by  making  obfcrvatious  on  the  urine  of  a 
perfon  very  fubjeft  to  that  difeafe,  he  was  enabled,  at 
lenoth,  to  know  with  certaii^ty  bv  the  quantity  of  acid 
in  it,  whether  or  not  he  had  an  accefs  of  the  difeafe. 

In  order  to  diftinguifli  the  difference  between  healthy 
and  difeafed  urine,  to  find  out  the  fliades  in  the  propor- 
tions of  their  component  parts,  and  to  invefligate  the 
changes  that  have  taken  place,  great  afflftance  may  be 
had  from  reagents. 

Infufion  of  tan  or  bark,  as  before  obferved,  i^  an  ex- 
cellent reagent  to  difeover  the  prefence  of  gelatin.  la 
healthv  urine,  when  the  ftomach.  and  digcllive  fr.ntticns 
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arc  daily  cxercifed,  it  is  faid,  that  no  precipitation  takes 
place  on  adding  this  infufion ;  but  in  all  gaftric  affec- 
tions, and  in  thofe  difeafes  where  the  urine  is  more  or 
lefs  charged  with  gelatin,  it  produces  a  greater  or  lefs 
abundant  precipitation,  and  this  happens  in  all  cafes 
where  the  aflimilaling  or  digcftive  powers  are  deranged  or 
impaired,  and  wherever  there  are  fymptoms  of  indigef- 
tion.  It  likewife  difcovers  the  ftate  of  this  fluid  in  what 
have  been  called  nervous  and  fpafmodic  afft'clions,  at  the 
approach  of  which  the  urine  will  be  moft  generally 
found  tranfparent,  large  in  quantity,  and  abounding  in 
faline,  but  containing  fcarccly  any  extra6live  matter. 
Similar  appearances  have  alfo  been  obferved  to  precede 
delirium  in  fevers.  This  (late  may  be  dlfcovered  by  this 
infufion,  with  which  it  will  fcarcely  afford  any  precipi- 
tate ;   on  the  contrary,  Cruickfhaiik  found  that  the  acetlte 

Acetite  of  o/"//?^^  produced  in  thcfe  cafes  a  very  copious  precipitation. 

^^  ■  The  nitrous  acid  has  much  the  fame  effects  as  the  mu- 

Kitroiis 

aeid.  riat  of  mercury.     In  fome  difeafes,  however,  particularly 

in  dropfyor  anafarca,  this  chemlft  found,  that  the  nitrous 
acid  produced  a  milklnefs,  and  in  fome  inftances  a  coa- 
gulation, fimllar  to  what  would  take  place  if  added  to  the 
ferum  of  blood.  In  dropfv,  the  general  difeafe  may  be 
eafily  diftinguiflied  from  that  arlfing  from  a  difeafed  liver, 
or  other  morbid  vlfcus,  both  by  this  acid  and  the 
corrofive  fublimate.  In  three  cafes,  Cruickfliank  in- 
forms us,  that  the  urine  coagulated  not  only  on  the  ad- 
dition of  this  acid,  but  likewife  by  heat;  and  in  one  of 
them,  that  proved  fiital  in  fix  Weeks,  the  urine  appeared 
to  differ  but  very  little  from  the  ferum  of  the  blood,  fo 
remarkable  was  the  coagulation  pr(xluced  by  heat  and 
acids.  On  the  contrary,  in  the  dropfy  arifing  from  a  dif- 
eafed liver  or  other  morbid  vifcera,  the  urine  does  not  co- 
agulate either  by  nitrous  acid  or  heat;  it  Is  ufually  fmall 
in  quantity,  high  coloured,  and  depofits,  after  {landings 
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3L  confiderable  quantity  of  a  pink-coloured  fediment, 
which  may  be  efteemed  in  fome  meafure  chara6lerifli(; 
of  a  difeafed,  or  rather  a  fcirrhous  liver.  On  examina- 
tion, it  was  found  to  confift  of  phofphat  of  lime,  fome 
animal  matter,  and  a  little  lithic  acid  ;  hence  in  morbid 
Itatcs  of  the  urine,  the  coagulable  part  is  detected  by  this 
acid,  and  even  by  heat. 

[t  is  now  well  afcertained,  that  the  prefence  of  fugar  Prcfenceof 
tnay  be  detected  in  the  urine  of  difeafed  people,  as  in  diabetic 
diabetes.     Willis  was  one  of  the  firft  who  found  that  this  """*'• 
fluid,  in  a  diabetic  patient,   was  fweet    and  like  honey ; 
and  Dobfon   collc6led  one  ounce   of  faccharlne  matter 
from  one  pound  of  this  kind  of  urine.     Home  informs 
us  in  his  Chemical  Lectures,  that  he  brought  this  urine 
to  ferment  into  a  liquor  fimilar  to  beer  ;  hence  he  looked 
upon  it  to  be  of  a  vegetable  nature,  fuppofing  no  other 
animalizcd  fluid  capable  of  that  fermentation.    . 

For  the  dete6lion  of  fugar  in  urine,  even  in  fmall  quan- 
tity, Cruickfliank  added  twice  the  weight  of  nitrous  acid 
to  one  of  the  extratSl  obtained  by  evaporating  fome  dia- 
betic urine;  he  then  evaporated  the  whole  to  a  very  fmall 
quantity,    and   found,   when   cold,   that  if  the  cryftals 
formed  in  it  be  all   of  them  cubes,  or  rhomboids,   it  ig 
certain   that  no   oxalic   acid  has    been  produced;  but  if 
flender  needles   or   prifms   be   found  along  with  them, 
they  fliould  be  carefully  feparated,  dried  on  blotting  pa- 
per,  and   thrown  into  limewater,  and  the  precipitate,  if 
formed,    mufl  be  either  from  phofphoric  or  oxalic  acid  ; 
if  it  has  the  refemblance  of  flocks,  and  fubfldes  flowly, 
the  phofphoric  acid  is  the  precipitant;  if  it  has  a  pow- 
dery form,   and  fubfides   quickly,    it  muft  be  produced 
by  oxalic   acid,    for  all   animal  fubftances,  according  to 
this  chemill,    do  not  yield  oxalic  acid ;  the  extra6live 
matter  of  healthy  urine,  and  the  pure  coagulated  part  of 
tlje  ferum  of  the  blood  being  exceptions. 
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In  confirmed  diabetes  the  urine  is  fwcet ;  this  cheniifl, 
in  one  cafe,  collected  by  evaporation,  from    thirty-fi.'C 
ounces,*  troy  weight,  of  urine,  three  ounces  one  drachm 
of  faccharine   extract,  which,  in   the  day,  would  have 
amounted  fo   twenty-nine  ounces.     He  likewifc  found, 
that  this  faccharine  e.\tra6live  matter,  like  honev,  afford- 
ed no  faccholaftic  atid  by  the  nitrous  acid,  confequcnt- 
ly,  that  it  does  not  contain  it's  bafis,  which   fufTiciently 
diftinguilhes  it  from  the   faccharine  part  of  the  milk  of 
animals,  and  appears  to  prove,   that  it  is  nothing  more 
than  vegetable  fugar  mixed  with  a  greater  or  lefs  propor- 
tion of  animal  mucilage.     He  found  that  two  drachms  of 
dryifli   and   fweei  diabetic  extract,  yielded  with  twelve 
drachms  of  the  nitrous  acid  from  forty  to  fi ft v  grains  of 
cryftallized  oxalic  acid,  which  is  nearly  the   proportion 
obtained  from  an  equal  quantity  of  common  fugar,  mak- 
ing allowance  for  the  water  and  faline  fublvances.     The 
nitrous  acid  detetSls  alfo  a  fmall  quantity  of  bile  during 
the  jaundice,  by   rendering  the  urine  green,  but  this  is 

Adionoi     better  detefted  by  the  muriatic  acid  ;   when  therefore  the 

the  muria-         .  .  '  ....  r-i  r- 

tic  acid.  urmc  ccalcs  to  become  green  on  the  addition  or  either  of 
thefe  acids,  it  may  be  concluded,  that  the  obflruftion  to 
the  paffage  of  the  bile  into  the  duodenum  is  removed, 
and  confequcntly  that  the  yellownefs  of  the  fkin,  Sec. 

Fuipimric  will  foon  difappcar  ;  the  fulphuric  acid,  in  fomemeafure, 
produces  the  fame  effeft,  but  the  muriatic  is  preferable 
to  either  of  the  other  two. 

Munatof         jj_  j-jj^g  \^QQY\  obfervcd,  that  muriat  of  mercury  has  no 

mercury. 

eflfeft  upon  recent  healthy  urine,  but  it  has  been  found 
very  ufeful  in  detecSling  the  condition  of  urine,  accom- 
panying the  acute  rheumatifm,  inflammation  of  the 
chert,  and  other  inflammatory  difeafes,  immediately  af- 
fording a  greater  or  Icfs  degree  of  milkinefs,  and  a  whit- 
i(\\  precipitate  during  the  avhlive  ftatcof  the  difeafc  ;  when, 
however,  the  diforder  takes  a  favourable  turn,  this  efiedl 
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will  in  great  meafure  ceafe,  and  a  lateritious  fediment 
appears.  The  fame  happens  in  fevers  accompanied  with 
a  ftrona:  aflion  of  the  velfels  ;  but  in  thefc  cafes  the  late- 
ritious  fediment,  which  never  fails  to  make  it's  appear- 
ance at  the  crifis  or  abatement  of  the  difeafe,  is  much 
more  remarkable  and  conilant,  and  the  nitrous  acid, 
when  added  to  the  urine  before  the  depofition  takes  place, 
gives  it  a  pretty  deep  red  tinge.  Likewife  in  gout,  the 
termination  of  the  paroxyfms  is  nloft  perfe6lly  indicated 
by  a  copious  lateritious  fediment,  and  when  this  fudden- 
ly  difappears,  and  the  urine  at  the  fame  time  affords  a 
precipitate  with  the  muriat  of  mercury,  a  frelh  attack  or 
relapfe  may  be  expcfted.  This  chemift  generally  found 
this  fediment  to  be  compofed  of  lithic  acid,  phofphat  of 
lime,  and  fome  peculiar  animal  matter,  but  little  foluble 
in  water.  Some  have  fnppofed  it  to  confift  entirely  of 
lithic  acid,  but  this  generally  conftitutea  the  fmalleft 
part. 

Bonhomme,  vi'ho  has  examined  the  different  ftates  of  Niiratof 
urine  by  the  nitrat  of  mercury,  and  particularly  the  dif-  ''  ' ' 
ference  between  the  urine  of  old  people  and  that  of  thofe 
troubled  with  the  rachitis,  found  that  the  firfl  contained 
a  much  greater  quantity  of  earthy  depofit  and  faline  ex- 
tract than  that  of  younger  fubje6ls  ;  aiTd  that  with  re- 
fpecl  to  the  fecond,  the  urine  of  thefe  under  this  dlfeafe 
prefented  an  abundant  and  earthy  depofit,  which  differed 
in  appearance  from  that  of  old  people,  affording  no  phof- 
phat of  lime ;  it  is  alfo  greater  in  quantity,  one  pound 
depofiting  two  ounces,  whilft  that  of  the  firft  only  depo- 
(ited  forty-five  grains.  The  extraft  from  that  in  rachitis, 
left  by  evaporation,  Is  larger  In  quantity,  even  by  a 
third.  Hence  it  appears,  that  the  folids  in  rickets  are 
deftroyed  more  rapidly  than  in  old  people,  and  furnini 
more  abundant  relics.  Likewife  the  depofit  that  lime- 
water  occafions  in  the  urine  in  rachitis,  is  very  inconfi- 
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dcrable,  of  a  brown  colour,  gelatinous  when  frcfli,  and 
powilry  when  dried  j  and  does  not  refemble  the  phofjihat 
of  lime  in  any  ref|)e6l.  Laftly,  the  precipitate  formed 
by  the  folution  of  the  nitrat  of  mercury  is  very  abun- 
dant, never  rofe-coloured  in  rickety  urine,  as  in  that  of 
adults,  nor  gray,  as  in  that  of  old  people,  but  always 
white  ;  hence  has  no  external  relation  to  the  phofphat  of 
mercury.  This  chemifl.  looks  upon  it  to  be  an  oxalat  of 
mercury.  When,  however,  the  rickets  was  cured,  the 
urine  became  again  the  fame  as  that  of  healthy  children, 
and  this  may  be  the  means  of  knowing  when  this  difeafe 
has  fubmittcd  to  the  art  of  medicine. 
Acetite  ui       YoT  the  acetitc   of  lead,    vit/e  the  effeiSls  of  tan   on 

1^36.  ... 

urine,  in  a  difeafed  ftatc.  From  thefe  few  and  imperfect 
obfervations  on  the  a6lion  of  reagents  on  healthy  and  dif- 
eafed urine,  it  may  be  concluded,  that  the  import- 
ance of  the  fubjeft  demands  a  more  extenfive  invefiiga- 
tion  5  which,  by  affording  a  mo're  perfe6l  colle6lion  of 
fa(S:s,  would  be  capable  of  greatly  aflifting  the  fcience  of^ 
medicine. 
Acids  flip-      ^g  feveral  acids  and  falts  are  related  by  fome  chemifts 

poked  to  ex-        i  i  i-  /•  •  ■  '• 

iftiu  unnc.  to  have  been  difcovered  m  healthy  urine,  it  may  be  necef- 
fary  to  give  fome  account  of  thofe  which  this  fluid  has 
been  fuppofed  Lo  contain,  and  the  miftakes  the  invefti- 
gation  has  given  rife  to. 

It  was  fuppofed  by  Dr.  Prieftley,  that  receni  urine  con- 
tained fixed  air,  as  he  had  extracted  from  it  about  one 

Carbonic  fifth  of  it's  Volume  of  that  acid  :  he,  however,  confelTes, 
that  not  only  heat  was  neceffary,  but  even  continued  for 
feveral  hours.  Dr.  Percival  has  publilbed  an  account  in 
the  London  Medical  Journal,  of  having  nearly  faturated 
urine  with  fixed  air,  bv  merely  drinking  a  fufficient  quan- 
tity of  water,  impregnated  with  this  gas  :  but  the  errour 
of  thefe  two  philolophers  has  been  proved  by  Morveau, 
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who  tias  Ihown^  that  it  was  the  phofphork:  acid,  and  in 
a  difengaged  ftatc,  as  diicovered  by  Eerthollet. 

In  1740,  Haupt  affirmed,  that  there  was  a  peculiar 
fait  in  urine,  which  he  diftinguiflied  from  the  microcof- 
mic,  by  the  name  o^  fal  mirablle  perla:um,  and  which  in 
1737  Heilot  had  previoufly  found  in  prifmatic  cryftals, 
and  looked  upon  as  felenite.  ■  Pott,  who  had  as  well  as 
Margraaf  obferved,  that  by  a  ftrong  heat,  it  afforded  a 
white  vapour  and  no  phofphorus,  took  it  for  a  fpecies 
of  vitrioUc  acid,  fomehow  conncfted  with  an  alcaline 
fait.  Rouelle  calls  it  the  fel  fufible  a  bafe  de  natron, 
and  looks  upon  it  to  be  the  animal  or  phofphoric  acid, 
united  with  natron  for  it's  balls  :  this  celebrated  chemift 
has  defcribed  the  procefs  of  feparating  it  from  all  foreign 
matter,  in  a  very  exaiSl  manner. 

In  I78I,  Prouft  undertook  it's  examination,  but  he 
denied  that  the  acid  was  the  phofphoric,  becaufe  the  fub- 
llance  when  diftilled  in  the  dry  way  with  charcoal  af- 
forded no  phofphorus.  Having  obferved  that  it  was  de^v^ 
compofed  by  vinegar,  which  deprived  it  of  it's  bafis, 
and  which  by  repeated  evaporation  afforded  the  acetite 
of  foda  ;  in  order  to  obtain  that  fubftancc  pure,  which 
previoufly  neutralized  the  foda,  he  uied  alcohol  in  order 
to  feparate  the  lafl  portions  of  the  neutral  fait  from  the 
mother  lye  of  the  cryftals.  Having,  therefore,  crylUl- 
lized  the  greater  part  -of  the  acetite  of  foda,  he  poured 
on  the  mother  lye  eight  or  ten  times  it's  weight  of  hot 
fpirit  of  wine,  agitated  it  flronglv,  until  the  acetous  fait 
was  difTolved,  and  a  thick  matter  was  colleiled  at  the 
bottom  of  the  veffel  in  the  form  of  a  magma.  This 
matter  was  wafhed  in  frefli  hot  fpirit  of  wine,  afterwards 
dilfolved  in  diftilled  water,  and  afforded  by  fpontaneous 
evaporation  in  the  open  air  cryftals,  which  this  chemift 
looks  upon  as  a  bodv  fui  generis^  and  which  he  places 
amongft  the  fimple  falts,  and  compares  to   the  acid  of 

VOL.  II.  C  C 
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borax.  This  fait  was  afterward  placed  by  Bergmann 
anioiigd  ihc  acids,  in  his  Table  of  elc6livc  attractions,  by 

Pciiatcacid.  thc  name  of  acidum  falls  perlati ;  and  Morvean,  w  ho 
looks  upon  it  nut  as  a  difcngagcd,  free  acid,  becaufe  it 
changes  the  firup  of  violets  to  a  green  colour,  thinks, 
however,  that  an  acid  is  prefent,  although  thc  method 
of  obtaining  it  has  not  yet  been  difcovcred.  He  is  of 
opinion  that  it  performs  the  function  of  an  acid,  fincc 
it  unites  to  different  bafes,  which  is  fufficient  to  give  it  a 
place  in  that  clafs  ;  and  he  has  defcribed  it  in  the  En- 

Acjde  ourc-  cyclopedic  Method,  by  the  name  of  thc  ouretic  acid.  From 

wq^'^-  the  experiments  of  Klaproth,  it  lias  now  been  proved, 

that  this  fuppofed  peculiar  acid  is  nothing  elfe  than  the 
phofphoric,  as  lloucllc  had  already  confidered  it,  imited 
to  a  little  foda  ;  and  that  the  vinegar  ufed  by  Proull  only 
extra6led  a  partof  this  foda ;  for  if  a  folution  of  the  nitrat 
or  muriat  of  lime  be  poured  into  a  folution  of  perlate 
fait,  a  precipitate  of  phofphat  of  lime  immediately  takes 
place,  and  then  the  phofphoric  acid  may  be  feparated  by 
the  vitriolic  acid  in  the  manner  phofphorus  is  made;  and 
on  the  contrary,  if  pure  phofphoric  acid  be  laturated  with 
foda,  it  forms  the  real  perlate  fait,  or  acidum  pcrlatum. 

Oxalic  acid.  Another  acid,  that  has  been  faid  to  exift  in  urine,  is 
the  oxalic,  or  acid  of  fugar.  Henckcl  had  obtained  fmall 
white  prifmatic  cryftals  from  fome  urine  that  had  been 
kept  well  clofed  for  three  or  four  years,  which  have 
fince  been  faid  to  bethofe  of  the  acid  of  fugar,  although 
others  have  expreired  their  doubts.  Brugnatelli  obtained 
an  acid  from  thc  fediment  of  urine,  which  Leonhardi 
looks  upon  iis  rcfembling  the  acid  of  fugar,  but  it  was  fa- 
turatcd  with  lime.  It  fliot  into  quadrilateral  white  cryf- 
tals, folublc  in  cold  water,  dcliquelccd  in  the  air,  tafled 
four,  and  pofilflcd  all  the  common  properties  of  an  acid. 
It's  folution  deconipofed  all  calcareous  falls,  and  precipi- 
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tatetl  lime  water,  and  vitriol  of  iron  of  a  white  colour^ 
It  was  foluble  in  vitriolic  acid,  formed  with  potafli  an 
orangc-colourcd  fahne  mafs,  which  after  cdulcoraHon 
with  water  gave  coloarlefs,  tranfparent,  prifmatic  needles 
in  cluftcis,  infoiuble  in  cold  and  warm  water,  and  ex- 
pofed  to  lire  left  lime  and  alcali  behind.  The  acid  it- 
felf,  likewife,  after  i'welling  in  the  fire,  left  a  white 
lime.  That  from  the  red  fediment  of  urine  alfo  contain- 
ed fome  particles  of  iron.  This  acid,  therefore,  which 
fo  much  refcmbles  the  oxalic,  was  united  with  earthy 
parts  in  the  fediment,  and  with  ammonia  in  the  urine. 
There  is,  however,  every  reafon  to  fnppofe,  that  when-  "' 

ever  any  faccharine  acid  has  been  met  with  in  urine,  it  is 
in  confequence  ofdifcaied  digeftion;  for  Schcele,  who  was 
a  mod  accurate  and  experienced  chemift,  found  no  fuch 
acid  in  healthy  urine,  but  he  obtained  by  fmoking  acid  Acid  of 
of  nitre  what  appeared  to  be  the  fait  of  benzoin, 
and  which  he  fuppofed  to  be  united  with  volatile  aU 
calii 

With  refpeft  to  the  vitriolic  acid,  felenite  and  vitriol  other  fab- 
of  potafli,  as  well  as  muriat  of  lime,  and  Glauber's  fait, 
which  Lauth  thought  he  had  found,  they  were  only  ac- 
cidental ;  and  his  filiceous  and  argillaceous  earths  pro- 
bably arofe  from  the  utenfils  he  employed.  The  other 
fubftances,  fa  id  to  have  been  found  in  this  fluid,  are 
fcarcely  worth  mentioning ;  Weflendorf  and  Gunther, 
however,  thought  they  had  difcovered  a  naphtha,  and  it 
was  the  opinion  of  the  celebrated  Bergman,  that  befides 
the  different  faline  bodies,  it  contained  a  bilious,  fat 
matter. 

There  are,  however^  fome  well  grounded  fufpicions  of  Rearonabi« 
the  prefence  of  a  peculiar  fubf^ance,  or  rather  acid  inanimknows 
urine.     We  arc  informed  by  Cruickfliank,  that  if  to  an  ^"^.  i^^ 

-'  '  Ciuick- 

ounce  of  extra6t  of  frefli  urine  the  fame  weight  of  con-  fli-ii'k. 
centrated  nitrous  acid,  diluted  with  an  equal  quantity  of 
c.c  2  ♦ 
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water  l)c  added,  an  eftcrvcfcence  takes  place  \vithheat,and 
nitrous  gas  is  difengagcd ;  and  in  the  liquor  when  cool, 
a  number  of  fliining  fcales  or  cryftals  arc  dcpofited,  rcfcni- 
bling  the  acid  of  borax,  which  well  dried  weighs  from 
five  to  feven,  or  more  drachms.  Their  figure  appears  to 
be  flat  rhomboids,  fmooth  and  greafy  between  the  fingers, 
more  foluble  in  hot  than  cold  water,  in  fome  degree 
in  alcohol,  and  although  repeatedly  waftied  with  this 
fluid  and  dried,  they  ftill  retain  acid  properties,  flrongly 
redden  violets,  arc  eafily  taken  up  by  the  acids  of  vitriol 
and  common  fait,  without  conmiotion,  but  eflfervcftc 
with  the  nitrous,  and  form  very  foluble  falls,  the  proper- 
tics  of  which  have  not  been  fufficiently  examined.  Their 
fojution  in  water  docs  not  precipitate  Hmcwaler,  nor  the 
muriats  of  lime  and  barytcs,  nor  the  nitrats  of  filver  or 
nicrcurv,  in  any  fcnfible  degree,  nor  has  it  any  efie6t  on 
the  fulphnr  of  iron  or  acetite  of  lead  ;  thev  neither  con- 
tain, therefore,  phofphoric  or  oxalic  acid  ;  when  thrown 
on  a  red  hot  iron,  they  melt  and  evaporate  into  a  white 
fmokc,  leaving  a  very  fmall  quantity  of  a  charry  refiduum, 
bv  no  means  difficult  to  incinerate,  but  when  expofed  to 
an  intcnfe  heat,  they  burn  with  a  reddifli  flame,  and  a 
kind  of  detonation,  fomewhat  fimilar  to  nitrat  of  am- 
monia ;  hence,  fays  Cruickfliank,  it  would  appear  that 
this  fubftancc  is  an  animal  acid  hitherto  unknown,  and 
whofe  bafis  exifts  in  this  extra6live  matter. 
By  Dr.  Another  teftimony  of  an  acid  in  urine  is  Dr.   Gaert- 

ner,  who  has  been  much  employed  in  experiments  on 
this  fluid.  He  found,  after  a  very  rigorous  examination, 
thr.t  the  acid  of  urine,  which  he  took  for  the  phofphoric, 
only  refembled  it  in  a  few  properties,  and  that  it  pofleffed 
others  totally  different  from  all  the  acids.  This  acid  is 
volatile,  and  expofed  to  a  flrong  heat  is  fublimcd  in  the 
form  of  flowers  j  the  nitric  acid  docs  not  convert  it ;  the 
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intric,  muriatic,  audfulphuric  acids,  precipitate  it  from 
it's  alcaline  and  earthy  combinations,  partly  in  tl>e  form 
of  gas,  and  partly  under  that  of  a  fixed  acid  ;  it  forms  by 
evaporation  a  fcaly  fait,  which  is  not  changed  on  expofure 
to  the  air,  and  which  expands  the  odour  of  the  gafeous 
acid.  Dr.  Gaertner  afks,  whether  it  may  not  hold  the 
medium  between  the  benzoic  and  lithic  acids  ? 

The  exiftence  of  the  phofphoric  acid,  whether  com-  Difengaged 
bined  or  free  in  urine,  was  unknown  to  the  ancients  ;  a  acicn'ir'* 
few  obfervations,  indeed,  on  the  effefts  of  this  fluid  had  ^^■'^''■ 
been  made,  but  they  had  no  idea  that  it  was  owing  to 
any  particular  acid,  and  it  was  not  even  fufpe6led  to  ex- 
ift  until  the  difcovery  of  the  eflenlial  fall  of  urine,  and 
of  phofphorus,  in  which  it  exifts  in  a  ftate  of  combina- 
tion, (y/W^  phofphoric  acid).  Thedifcovery  of  it's  being 
prefent  in  urine,  in  a  difengaged  ftate,  is  much  more 
recent.  Rouelle  had  obferved,  that  at  a  certain  time  pre- 
ceding putrefa6lion,  this  fluid  changed  the  firup  of  vio- 
lets to  a  red,  and  Macquer  proved  that  the  urine  of  thofe 
with  bad  digeftion  reddened  an  infufion  of  litmus; 
but  Bcrthollet,  extending  his  refearches  much  farther, 
found  that  the  urine  of  people  who  enjoy  the  beil  health 
has  the  fame  property  ;  and  that  it  depends  upon  the 
prefence  of  the  phofphoric  acid  in  a  difengaged  ftate. 
To  be  convinced  of  this,  when  lime  water  is  poured 
into  recent  urine  a  white  powder  is  depofited,  which  is 
the  phofphat  of  lime.  Bcrthollet  is  of  opinion,  that 
this  acid  becomes  afterward  faturated  with  the  volatile 
alcali,  formed  by  putrefaction,  or  the  a6lion  of  heat, 
which  Morveau  thinks  may  be  admitted,  without  ex- 
cluding the  idea  of  a  portion  of  it  having  been  prc- 
vioufly  faturated  with  the  fame  bafis.  Bcrthollet  alfo  re- 
marks, that  v/hen  lime  water  is  poured  into  recent  urine, 
it  not  only  takes  hold  of  the  uncombined  acid,  but  alfp 
C  C  3 
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oftluit portion  united  to  an  akalinc  bafis,  from  ii'sgreatoc 
affinilywiili  lime. 

M  cpocof.  The  cryftallizcd  mafs  obtained  on  the  evaporation  of 
mijic,  fornis  a  fait  \\hich  was  called  native  phofphat,  or 
phofphoric  fait  of  urine,  or  mieroeofmic  fiilt;  it  has 
likewifc  gone  by  the  name  of  fufible  fait,  from  it's 
niching  on  cxpofurc  to  heat.  According  to  Spielmann, 
Sehockwifz  is  the  firll  who  defcribed  this  fait,  in  a 
thefis  at  Halle,   in  1699;  but  Pott  attempts  to  prove,  it 

whcnrfif-  \vas  difcovcred  before,  and  quotes  Rr.ytnond  Lullv,  Ifaac 
Holland,  and  Van  Helmor.t  for  this  purpofe,  but  he 
allows,  the  traces  of  it's  being  mentioned  in  their  works 
are  very  obfcure  ;  it  is,  however,  very  extraordinary,  that 
chemifis  had  been  fo  tardy  in  the  examination  of  it, 
finee  it  appears  fpontancoully  in  the  reficluum  of  urine, 
after  evaporation. 

OMalned         Boerhaave,  in  defcribing  the  proccfs  of  obtaining  the 

from  frc      niicrocofmic   fait,  has  as  well  as  Henekel  recommended 

Uiinc  by  J 

Boeriiaave.  i\^q  urine  of  healthy  people  ;  others  from  infants,  or  from 
thofe  whofe  only  beverage  has  been  beer  or  wine  ;  and 
fome  have  even  advifed  it  to  be  taken  duvino;  the  months 
pf  March,  April,  or  May.  It  is  verv  pofiible  that  urine 
is  more  or  lefs  charged  with  this  fait,  according  to  the 
nature  and  quantity  of  the  aliments  ;  and  it  is  very  evi- 
dent that  the  derangement  of  the  animal  fan«SLions  muft, 
to  a  certain  point,  influence  the  nature  of  the  excretions  ; 
but  in  general,  as  the  celebrated  Pott  has  obferved,  there 
is  no  occafion  to  be  fo  fcrupulous,  as  all  urines  without 
diftindlion  afford  a  fufl^cient  quantity  of  this  fait.  There 
was,  however,  another  difll-rence  amongfl;  chemifts,  and 
Haupt  and  Margraaf  adirmed  againft  Boerhaave  and 
Henekel,  that  putrid  urine  was  the  beft,  and  this  was 
adopted  by  Vend,  Villermoz,  and  feveral  others.  It  may 
Fromp\iuid  be  added,  that  Margraaf  abridged  the  length  of  the  ope- 
wTtgrJji:    ration]  for  after  evaporation>  inficad  of  one  year's  repofe, 
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in  order  to  feparate  the  cryftals,  as  Boerhaave  had  done, 
Mar^aaf  demanded  only  one  monthj  and  SchlolTer  re- 
duced it  to  a  fingle  night. 

The  labours  of  Rouclle  jun.   and   Prouft  threw  new  Theprocef* 
light  on  this  fubjeft,  and  inftead  of  furmifes,  reduced  by  Rouelie. ' 
it  to  principles.     Ronelle  faw  very  well,  that  whether  by 
putrefaction,  or   the  heat    of  ebullition,  a  quantity  of 
volatile   alcali   was  difengaged    from  the    urine,  which 
kaving  the  acid  without  a  bafis,  retarded  and  diminiflied 
the  produAion  of  cryftals  ;  hence  to  avoid  that  incon-- 
venience,  and  more  completely  to  feparate  the  common  fait, 
he  advifes  the  urine  to  be  evaporated  to  the  confidence 
of  firup,  to  be  filtered  when  hot  through  linen,  adding 
at  the  fame  time  a  neceflary  quantity  of  water  to  prevent 
cryftallization.     The  fmall   quantity  of  phofphoric   fait 
remaining  on  the  filter  with  the  common   fait  and  fele-  • 
nite,  is  eafily  recovered  by  cold  water,  and  then  is  added 
to  the  filtered  liquor.     This  liquor  is  then  gently  evapo-| 
rated  by  heat  ifneceffary,  and  when  cool    volatile  alcalil 
is  added,  and  the  cryftals  are  obtained  in  abundance,  ori 
it  is  left  to  evaporate  in  the  open  air,  which  is  more  dif- 
ficult.    Whatever  procefs  is   wfcd,  the  fait   of  the   firft 
cryftallization  is  never  pure  ;  it  is  foiled  by  the  extra6live 
matter,  and   contains  always  a   little  common  fait,  and 
fal perlatum^  before  mentioned. 

Since  the  greater  part  of  the  fait  evaporates  by  heat,  By  d<j 
the  Duke  de  Chaulnes  has  recommended  a  procefs  which 
purifies  it  with  the  leaft  poffible  lofs  ;  it  confifts  in  dif- 
folving,  filtering  and  cooling  the  folution  in  well  clofed 
veflels,  by  which  means  the  real  phofphoric  fait  is  ob- 
tained cryftallized  in  very  flat  rhomboidal  quadrilateral 
prifms,  and  is  now  called  by  chemifts  the  phofphat  of 
ammonia,  and  above  thcfe  cryftals  is  the  perlate  fait,  or 
phofphat  of  foda,  in  cubes,  or  rather  long  fquare  tablets, 
and  very  different  from  the  other, 
c  c  4 
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Although  thcfe  two  falts  were  fnppofed  to  be  pure,  it 
is  fince  found  that  each  is  a  triple  fait,  the  firft  formed  of 
a  large  proportion  of  phofphat  of  ammonia,  and  a  little 
phofphat  of  foda,  and  the  fecond  in  a  contrary  propor- 
tion. 
Tiipie  idh  The  .triple  phofphat  of  ammonia  is  a  fait  the  cryftals 
of  which,  according  to  Rome  de  rifle,  are  in  the  form  of 
tetracdral  rhomboidal  prifms,  very  compreCTed,  often 
truncated  in  their  length,  and  on  their  angles,  from  which 
hexagonal  prifms  arife  refembling  Rochelle  fait.  Longitu- 
dinal fegmenlsof  thefe  prifmsare  not  uncommon.  The  fide 
placed  on  the  capfule  is  larger  and  more  fmooth  than  the 
others,  fomewhat  rhomboidal,  and  eafily  known  by  two 
diagonal  lines  which  cut  each  other  in  the  centre.  Ac- 
cording to  Fourcrov,  the  tetracdral  and  o6loedral  forms  are 
only  found  when  this  fait  contains  a  good  deal  ot  muriat 
and  phofphat  of  foda.  The  muriat  appears  more  particu- 
larly to  modify  it  to  the  oiStoedral  form,  fince  on  diflblv- 
ing  the  firft  lalt  in  urine,  and  expofing  it  to  the  fun,  in  a 
few  days  regular  odoedral  cryflals  arc  obtained. 

The  favour  of  this  triple  fait  is  at  firft  cool,  then  uri- 
nou"^,  bitter,  and  pungent.  Expofed  to  the  blowpipe, 
it  fwells,  emits  an  odonr  of  ammonia,  and  welts  into  a 
deliquefcent  vitreous  globule. 

Diftilled  in  a  retort,  a  very  penetrating  and  cauftic 
ammonia  is  difengaged,  the  refidue  is  a  very  fixed  and 
fufible  tranfparent  glafs  that  attacks  the  retort.  Mar- 
graaffavs,  it  prefcnts  the  chara6lers  of  an  acid :  Rouelle 
alTerts  it  is  deliquefcent :  Morveau,  on  the  contrary,  be- 
lieves, that  by  a  ftrong  heat  it  may  be  reduced  to  a  fixed 
vitrified  ftate. 

According  to  feveral  modern  chemifts,  this  glafs,  which 
fiill  retains  a  portion  of  phofphat  of  foda,  is  always  opakc, 
or  eafily  fufceptible  of  becoming  fo  j  it  is  only  the  pure 
ariiOcial  phofphat  of  ammonia  that  affords  a  tranfparent 
giafs,  like  the  phofphoric  acid  itfclf. 
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This  fait  changes  very  Httle  on  expofure  to  air.  It  is 
very  foluble  in  u-ater,  requiring  only  five  or  fix  parts  of 
cold  water;  at  a  heat  of  60°,  a  part  of  it  is  decornpofed 
by  this  fluid,  and  a  portion  of  it's  acid  even  is  volatiliz- 
ed. It  is  decornpofed  by  the  cauftic  fixed  alkalis  and 
limcj  and  the  ammonia  is  fcparated  ;  if  limewater  be  ad- 
ded to  it's  folution,  a  white  precipitate  of  phofphat  of 
lime  is  obtained ;  the  alkaline  and  earthy  carbonat  alfo 
decompofe  it,  and  the  ammonia  is  fcparated  in  the  form 
of  a  carbonat.  It  caufcs  the  fufion  of  filcx,  alumine, 
barytas,  magnefia,  and  lime,  but  thefe  vitreous  compo- 
fitions  belong  to  the  phofphoric  acid,  and  the  phofphat 
of  foda,  fince  the  ammonia  efcapes  before  the  fufion  takes 
place.  When  treated  with  charcoal  in  clofe  veflcls, 
phofphorus  is  obtained.  With  refpecx  to  the  a6lion  of 
the  acids,  metals,  and  their  oxides  on  this  fait,  it  depends 
on  the  attraclion  the  phofphoric  acid  has  for  the  alka- 
line bafes  of  the  fait,  thefe  metals,  and  their  oxides. 

The  triple  fait  of  foda  had,  as  before  obferved,  been  Triple  fait 
taken  for   an  acid,  by  Bergman,  called  the  perlat ;  by  °|,^°^^' ^.j"" 
Morveau,  the  ourctic  acid,  till  IClaproth  proved  the  acid  in 
it  to  be  the  phofphoric. 

The  firfi:  cheniifis  who  examined  it  found,  that  the 
great  difference  between  it  and  the  preceding  fait  con- 
lifted  in  affording  no  phofphorus  when  mixed  with  char- 
coal ;  but  according  to  Rouelle,  who  beft  knew  it's  pro- 
perties, the  cryftals  of  the  pcrlate  fait,  or  triple  fait  of 
foda,  are  flat,  irregular,  long  tedracdral  prifms,  one  of 
the  extremities  of  which  is  diedral,  and  compofcd  of  two 
rhomboids  cut  tranfvcrfelv,  and  the  other  adheres  to  the 
bafis.  The  four  fides  of  the  folid  are  two  pentagons, 
irregular,  alternate,  and  two  lengthened  rhomboids, 

Expofed  in  a  crucible,  it  melts  into  a  white  opakenefs ; 
heated  in  a  retort,  it  affords  a  phlegm  flightly  ammonia- 
cal,  and  the  refidue  is  a  glafs  much  more  opake  than  that 
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from  the  triple  phofphat  of  ammonia.  This  fall,  when 
expofed  to  the  air,  cflerverees,  aiul  fulls  into  a  powder. 
It  is  fi)luble  in  diflilled  water,  which  changes  the  firup 
of  violets  green,  and  it  may  be  cryllallized  on  evapora- 
tion. It  is  decompofed  by  nitrat  of  lime  ;  the  precipitate 
is  phofphat  of  lime,  and  the  water  affords  nitrat  of  foda. 
It  is  alfo  decompofed, by  the  nitrat  of  mercury.  Alfo  by 
lime,  for  if  limewater  be  poured  into  a  folatipn  of  this 
fait,  a  precipitate  is  formed,  and  the  foda  remains  pure 
and  cauftic  in  folution.  Likcwife  by  the  acids.  It  is  not 
decompofed  bv  charcoal  like  the  phofphat  of  ammonia, 
and  it  is  equally  curious  that  the  pholphoric  acid,  when 
added  in  excefs  to  the  phofphat  of  foda,  leaves  it  the  pro- 
perty of  changing  the  firup  of  violets  green.  Laftly,  this 
phofphat  of  foda  always  contains  a  little  phofphat  of  am- 
monia, and  this  lad  always  plays  it's  part  in  every  com- 
bination it  is  made  to  underpo. 

O 

Hence  it  appears,  that  the  fait  obtained  by  the  cooling 
and  repofe  of  urine,  when  evaporated,  and  which  from 
it's  melting  by  heat  was  originally  called  fufible  fait, 
the  eflential  fait  of  urine,  or  microcofmic  fait,  is  princi- 
pally compofcd  of  thefe  two  triple  felts,  which  only  differ 
from  each  other  in  the  proportions  of  the  two  alkalisj  but 
as  it  would  be  trefpaffing  too  much  on  the  defign  of  this 
work  to  enter  into  a  more  minute  detail  of  them,  it  will 
Remarks  of  be  neceffary  to  conclude  with  a  few  obfcrvations  of  Four- 
^'^"■^'  croy.  He  found,  after  various  trials,  that  it  was  impof- 
fible  completely  lo  fcparate  them,  fo  intimate  is  their 
combination.  He  found,  that  after  keeping  a  few  pounds 
of  this  fait  of  the  firft  cryftallization,  for  about  fix  years, 
in  a  well  covered  glafs  bottle,  a  very  fenfible  muflc  or 
amber  odour  had  fucceeded  it's  peculiar  foetid  odour; 
that  this  fufible  fait,  which  eflSorefccs  in  the  air,  always 
greens  violet  paper ;  and  this  effcft  is  produced  whether 
thv'  cryftals  be  obtained  at  the  beainning  or  end  of  the 
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operation,  /.  e.  whether  they  he  phofphat  of  foda  and  of 
ammonia,  or  phoiphat  of  foda  ahnolt  pure.  This  is  the 
more  lingular,  fince  it  is  proved  that  iiriue  on  evapora- 
tion lofes  fomc  of  it's  ammonia,  without  lofnig  the  phof- 
phoric  acid  in  proportion,  and  in  conlequence  becomes 
acid  ;  yet  the  fait  obtained  greens  inftead  of  reddens  the 
blue  of  the  violet.  Another  not  lefs  remarkable  circum- 
flance  is,  that  this  fait  expofed  a  long  time  to  the  air 
entirely  paHbs  to  the  ftale  of  phofphat  of  foda,  which  al- 
ways greens  violet  paper.  The  phofphat  of  ammonia, 
therefore,  appears  to  be  completely  volatilized  by  the 
fimple  heat  of  the  atmofphere,  as  Rouelle  and  Chaulnes 
had  already  obferved.  The  different  triple  falts  obtained 
from  it  all  afford  ammonia  by  lime.  To  find  the  exaft 
proportions  in  this  fait,  Foiuxroy  diffolved  it  in  cold  wa- 
ter, and  precipitated  it  by  limewater;  the  precipitate 
collected,  dried,  and  weighed,  then  faturated  with  mu- 
riatic acid,  and  evaporated,  and  the  weights  of  the  mu- 
riats  of  foda  and  ammonia  obtained,  gave  the  proportions 
of  the  phofphats  of  foda  and  ammonia.  He  found  that 
one  hundred  grains  of  this  fufible  fait  of  urine  afforded, 

grains, 
Of  ammonia     19 

foda      2-4 

phofphoric  acid  ....  32 

water    25 

100 

Befides  the  combinations  of  ammonia  and  foda  with 
phofphoric  acid  in  urine,  it  likewife  contains  the  muriat 
of  foda,  the  phofphat  of  lime,  and  the  lllhlcacid;  for 
which  two  laft,  vide  Bones  and  Acids. 

According  to  Leibnitz,  phofphorus  was  firft  procured  Phuiphoras 

_  .,-_.,,  ,  --„  ,  obtained 

from  urme  by  Brandt,  about  the  year    loo/,  as  nc  was  (rom  urine 
'jjidcavouring  to  obtain  a  liquor  from  this  fluid,  in  orJe|- 
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to  convert  filvcr   inlo  guld.     ilc  made  this  dlfcoveiy   a 
Jittlc  lime  after  Baudoin  had  found   the  phofphoric  pro- 
perty of   the  Bolognian    ftone.     Brandt  comnmnicated 
this  difcovcry  to  Kraft  and  Kunckel,    who  aUbciated  to- 
gether in  order  to  find  out  the  fecrct :  but  the  one  havino 
acquired  it  for  himfelf  alone,  Kunckel,  who  knew  only 
that  it  was  procured  from  urine,  made  the  attempt  and 
iuccccded.     This  fucccfs  not  being  the   efleft  of  chance, 
chemifts  have  thought  proper  to  give  him  the  honour  of 
the   dii'covery  of  phofphorus,    by  naming   it   KuncL/'s 
phofphorus.     Kraft  either  told  Boyle  the  fceret,  as  Stahl 
affirms,  or  Morveau  thinks,  gave  him  a  fpteimcn  of  the 
produ6lion.    Kunckel,  and  a  German  chemift,  Hatwitz, 
who  worked  in  the  laboratory  of  this  Englifh  philofopher, 
were  a  long  time  the  only  perfons  who  prepared  phofphorus 
in  quantity,  and  from  it's  having  been  fold  by  the  laft  to 
moft  of  the  philofophers  of  Europe,  it  received  the  namc» 
hi  l.ns}zDd.  o{  Englljh  phofphorus.     Although   from    ICSO,  to  the  be- 
ginning of  the  prefent  century,  a  great   number  of  re- 
ceipts for  making  phofphorus  had  appeared,   and  amongft 
others,  thofe  of  Boyle,  Kraft,  Brandt,  Homberg,  Teieh- 
mever,    Hoffmann,    Albinus,  and  even   Kunckel,  who 
had  publifhed  his  own   procefs  in   a  work  entitled,   77je 
Chemical  Laboratory,  vet  the   procefs  was   not  generally 
France.       known  ;  and  the  firlt  time  it  was  repeated  in  France,  was 
by  a  foreigner,  in  1737,  ^vho  performed  it  in  the  Royal 
Garden,  in  the  prefence  o^  four  chemids  of  the  academy, 
Procefs  by    Hellot,  Dufiv,   GeofTrov,   and   Duhamel,  and  the  pro- 
cefs  lucceeded.     Hellot  afterward  defcribcd  it  in  a  me- 
moir for  the  year  1737  of  that  fociety.     This   operation 
confifls  in  evaporating  five  or  fix  barrels  of  urine  until  it 
becomes  grumous,  black,  hard,  and   (liining;  the  reii- 
duum  calcined  in  an  iron  pot,  the  bottom  of  which  is 
made   red  hot,  until  there  is  no  more  fmoke,  and  there 
arifes    the  odour  of  peach  flowers.     It  is  then  lixiviated 
with  twice  the  quantity  of  warm  whaler,  and  then  cxfits 


EXCREINIENTS,  39) 

cated  after  dccantalioii.  Three  pounds  of  ihis  are  to  be 
mixed  with  one  and  half  of  land,  and  four  or  five  ounces 
of  beech  charcoal,  then  moiftened  with  half  a  pound  of 
water,  and  put  into  a  Heflian  retort.  It  is  eflliyed  (irii 
by  a  red  heat  in  a  crucible  ;  for  when  a  violet  coloured 
ilameand  a  garlic  fmell  arife,  it  will  produce  phofphorus. 
The  retort  is  then  placed  in  a  furnace,  and  a  large  receiver 
is  fitted  to  it,  one  third  part  of  which  is  filled  with  water. 
This  receiver  muft  iiave  a  hole  pierced  through  it,  whicli 
Hellot  looks  upcn  as  very  necelTary,  in  order  to  fucceed. 
Three  or  four  days  after  this  preparation,  a  gentle  heat  is 
applied  to  dry  the  furnace  and  lutes;  it  is  then  increafed 
to  the  utmofl  violence,  and  kept  up  for  fifteen  or  twenty 
hours.  The  phofphorus  only  comes  over  fourteen  hours 
after  the  beginning  of  the  operation,  which  lafts  for 
twenty-four  hours ;  a  large  quantity  of  carbonat  of  am- 
monia arifes,  which  is  in  part  diffolved  by  the  water. 
The  volatile  or  aeriform  phofphorus  arifes  firfl  in  lumi- 
nous vapours,  then  the  real  part  runs  like  an  oil  or 
melted  wax.  When  no  more  comes  over,  it  is  left  to 
cool  tor  two  days,  the  lute  is  taken  off,  and  water  is  added 
to  that  in  the  receiver  to  detach  the  phofphorus  adher- 
ing to  it's  fides.  It  is  then  melted  in  boiling  water,  cut 
into  fmall  pieces,  which  are  introduced  into  glafs  tun- 
nels, (matrafs  necks)  and  plunged  into  boiling  water. 
The  phofphorus  melts,  purifies,  and  becomes  tranfpa- 
rent  from  the  feparation  of  a  blackii'h  matter  which  rifes 
above  it.  It  is  then  put  into  cold  water,  in  which  it  be- 
comes hard,  and  it  is  extra6led  from  the  tunnels  by 
pufliing  it  with  a  flick.  Such  is  the  procefs  defcribed  by 
Hellot,  {vid£  Phofphoric  Acid).  According  to  Macquer, 
however, -the  firfl  time  that  Rouelle  tried  this  method,  it 
did  not  fucceed  fiom  the  failure  of  the  retort,  but  he 
after.vard  repeated  the  operation  in  his  chemical  letturef;. 
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and  from  it's  length  and  labour,  he  was  the  only  cheniift 
who  repealed  it. 

7m;^rowri         j^  1 743,  Maro-faaf  publiflKd   a  method  of  cxtraftine; 

^laai.  it  morecafily.     The  urine  is  firlt  reduced  to  the  confilt- 

eucc  of  honey,  and  nearly  three  barrels  are  neceflary  for 
one  ounee  of  phofphoru?  ;  during  the  evaporation  a  few 
ounces  of  tallow  arc  cad  into  the  vcffel  to  ftop  the  rifing 
up  oceafioned  by  the  heat.  Ten  pounds  of  this  cNtraft 
are  then  mixed  with  fome  muriat  of  lead  (plomb  come) 
the  refiduum  of  thediftillation  of4lbs.  of  minium  and  2lb?. 
of  ammoniacal  muriat,  and  half  a  pound  of  pulverized 
charcoal  is  added.  This  is  then  to  be  Itirred  in  an  iron 
pot  until  it  is  reduced  to  a  black  powder,  then  diftillcd  in 
a  retort  by  a  gradual  heat  to  extra6l  the  carbonat  of  am- 
monia, the  fetid  oil  and  the  muriat  of  ammonia^  taking 
care  not  to  pufli  the  heat  until  the  retort  is  fomewhat 
red,  and  the  black  and  fufible  rcfidue  is  the  matter  from 
which  the  phofphorus  is  extracted.  It  is  effayed  by 
calling  a  little  of  it  upon  red  hot  coals  ;  if  there  arlfc  a 
blue  flame,  and  a  garlic  fmall,  it  is  well  prepared.  A 
Heflian  retort  is  then  filled  with  it  even  to  1,  is  placed 
in  a  furnace  witli  a  receiver  adapted,  having  a  hole  in  it, 
and  half  filled  with  water,  well  luted^  and  here  it  is  left  to 
dry  a  day  or  two,  and  then  the  diftillation  is  begun  by  a 
gradual  heat.  This  lafls  from  fix  to  nine  hours,  accord- 
ing to  the  quantity  of  matter.  The  phofphorus  is  then 
rectified  by  a  very  gentle  dlflillation,  in  a  glafs  retort, 
with  a  receiver  half  filled  with  water.  This  procefs  was 
pra^lifed  with  fuccefs  by  the  academicians  of  Dijon,  in 
their  firft  courfe  of  lectures,  in  1776,  but  the  noifome 
odour  which  arofe  on  mixing  the  muriat  of  lead  with 
the  extract  of  urine  would  have  prevented  it's  being  con- 
tinued, and  although  almoft  all  the  chemifts  were  obliged 
to  make  ufe  of  this  method,  the  difcovery  of  procuring  \i 
from  other  materialis  rendered  it  unneccflTarv. 
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It  appears  that  the  procefs  of  Margraaf  only  differs  Thediffcr- 
from  that  of  Hellot  by  ihe  addition  of  muriat  of  lead,  t^ecnthem. 
and  by  the  operation  being  performed  at  twice,  but  the 
molt  curious  part  is,  that  this   Pruflian  chemill  has  de- 
termined what  the  fubftance   contained  in  urine  is,  that 
ferves  to  form  the  phofphorus.     On  diftilling  a  mixture 
ol  fufible  fait  and  charcoal,  he  obtained  a  beautiful  phof- 
phorus, and  he  obferved  that  the  urine  from  which  this 
fait  was  extracted  afforded  fcarcely  any  of  this  combuf- 
tible  fubftance;  hence  it  muft  be  a  conftituent  part  of 
this  fait  that  contributes  to  the  formation  of  phofphorus, 
and  this   fubftance  is  eaftly  obtained  by  diftilling  two 
parts  of  glafs  obtained  from  this  fait  decompofed  in  a 
crucible  or  retort,  with  one  part  of  powdered  charcoal. 
This  operation   requires  lefs   time   and   heat  than  thofe 
already   defcribed,  fince  according  to  Prouft,  the  phof- 
phorus runs  in  a  quarter  of  an  hour  j  but  although  this 
procefs  is  the  beft  to  extracl  phofphorus  from  urine,  there 
are  feveral  obfervations  to  be  made.     1.  Very  little  phof- 
phorus is  obtained;  for  the  vitreous  refidue  of  the  decom- 
pofition  of   ammoniacal  phofphat  by  heat  is  not  pure 
phofphoric  acid,  but  combined  with  foda,  which  is  not 
decompofable  bv  charcoal ;  hence  one  ounce  only  affords 
one  drachm  of  phofphorus  at  moft.    2.  When  the  fufible 
fait   is  prepared  by   evaporation,    and  cooling  in   large 
quantity,  a  great  deal  of  phofphat  of  foda  is  mixed  with  it, 
which  affords  no  phofphorus.     From  thefe  uvo  remarks, 
therefore,  it  appears  why  fo  little  phofphorus  is  obtained 
on  diftilling  fufible   fait  with  charcoal ;  and  perhaps  the 
fame  fait   entire,  diftlllcd  with  coal  and  muriat  of  lead, 
may  afford  more,  ftnce  this  laft  appears  to  have  the  pro- 
perty of  decompofing  the  phofphat  of  foda ;  and  we  are 
informed  by  Morveau,  that  Black  made  the  experiment; 
for  being  allured  that  the  fait  fcrrned''of  phofphoric  acid 
and  foda  was  no:  decompofed  by  ch^n-coal  aflifted  by  heat, 
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he  attempted  this  dccompofition  l)v  the  niuriat  of  load, 
and  he  fuccecded  in  obtaining  phofphorus,  which  proves 
the  advantage  of  Margraaf's  method.  The  difagrecahle 
ftench  arifing  from  the  evaporation  of  urine,  aiid  the 
labour  required  in  the  procefs  for  procuring  this  coni- 
buftiblc  fubflance,  were  however  ffroat  rcafons  for  dif- 
continuing  the  prafticc,  and  the  method  of  extracting 
it  from  bones,  as  difcovcred  by  Gahn  and  Scheclc,  which 
is  eafy  and  pleafant,  has  entirely  put  an  end  to  the  pro- 
curing of  it  from  this  fluid. 
T-  Havins;  thus  jjivcn  fome  account  of  the  experiments 

lourcroy  c  c  r 

andVau-    \}(^2X  have  been  made  on  urine,  and  of  the  matters  which 

quelin  dif- 

cover  a  new  have  bccH  fuppofcd  to  exift  in  it,  or  are  confidered  as 
and  call  it  formiuff  part  of  it's  conftituent  principles,  it  remains  to 
uree.  detail  the  analyfis  and  obfervations  of  Fourcrov  and  Vau- 

quelin,  who  have  found  a  peculiar  matter  in  this  fluid 
to  which  they  give  the  nameofu;, t'.  It  appears  this 
matter  forms  the  greater  portion  of  the  compofnion  of 
this  fluid  ;  to  it  is  owing  it's  odour,  favour,  and  the 
changes  it  undergoes  ;  and  it  is  by  reafon  of  this,  that 
urine  differs  from  all  other  animal  fluids,  fince  it  charac- 
terizes it's  nature,  and  without  it  this  fluid  would  no 
lonoer  be  what  it  reallv  is. 
wiiicn  had  With  refpecl  to  the  difcovery  of  this  peculiar  fub- 
LcciiUigiuiy  ftancc,  Rouelle  the  vouni2;er  is  the  firfl;  that  has  a;iven 

obfcrvcdbc-  ...  . 

lore.  any   precife   idea  of  it.     Indeed   the  generality  of  thofe 

who  have  examined  this  fluid  chemically  feem  to  have 
had  fome  lillle  notion  of  it,  but  they  did  not  take  fufli- 
cicnt  notice  fo  as  to  form  any  knowledge  of  it's  proper- 
ties. It  is  undoubledlv  this  matter,  the  tinging  quality  of 
which,  and  property  of  giving  diflerent  fliades  of  colour  to 
this  excrementitlous    liquid    according  to  it's  quantity, 

By  Belli;:!.  Bellini  had  obfervcd  ;  but  being  entirely  taken  up 
with   the  coloration  of  urine,  he  never  thought  of  cxa- 

Boei'.udvc.  nulling  the  nature  of  the  colouring  matter.     Boerhaave, 
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fpeaking  of  a  fort  of  fapa,  or  extraft  of  urine,  compares 

it  to  a   kind  of  honey,  and  defcribes  it  as  bitter,  fharpj 

and  not  alkaline.     Margraaf,  in  defcribing  the  fait  of  Margraaf. 

urine  that   affords  phofphorus  on  diflillation,  fays,  that 

a  fat  matter,  ox  faces  pingms,  is  depofited  with  it,  which 

affords  a  fpirit  of  fait  and  fome  oil  by  diftillation.     Pott,  Pott. 

SchlofTcr,  Haupt,  and  others,  likewife  perceived  it  j  and 

it  is  impoffible  for  it  to  have  entirely  efcaped  the  notice 

of  chemifts,    who   have   examined    urines    by  different 

-means,  although  they  have  faid  nothing  in  particular 

of  it. 

Rouelle  is  the  firft  who  has  mentioned  it  more  expli-  Roueiie,the 
citly;    and   having  difcovered  a  few  of  it's  chara6lers,  .^,!iy^3^,s*** 
defcribed    it  by  a   particular   name,    twenty-five  years  '^•'^rafter- 
ago,  evidently  with  an  intention  of  diflinguifliing  it  as 
a  diflin6l  fubflance.    This  is  ihefaponaceous  wa/Z^r  already 
mentioned.     He  informs  us,  it  is  of  a  deep  brown  co- 
lour, has  a  difagreeable  odour,  is  of  an  oily  confiiiience, 
is  cryflallizable,  but  not  fufceptible  of  exficcation,  is  a£led 
upon  by  heat  like  a  mucous  body,  extremely  deliquef- 
cent,  containing  the  muriatic    acid  in  a  flate  of  com- 
bination ;    affording    by    analyfis   more   than  half  it's 
weio-ht  of  volatile  alkali,  a  little  oil,  and  fome  fal  ammo- 
niac,  but  that  the  refiduum   contains  nothing  alkaline. 
From  this  account,  it  appears,  that  Rouelle  had  well 
charafterized  a  peculiar  fubftance,  which  he  was  defir- 
ous  particularly  to  diftinguifh  from  extra6ls,    and  which 
is  the  uree  of  Fourcroy  and  Vauquelin.    Rouelle  regarded 
this  foapy  matter  of  urine  as  the  nutritious  matter  of  vege- 
tables y   changed  in  ifs  nature  by  digejVion  and  circulation^   and 
by  new  combinations  it  had  formed  on   pajfng  into  the  animal 
economy,  with  which  it  became  aj/imilated ;  and  he  obferved,       i 
that  with  the  extra6tive  matter,  it  was  the  moft  change-       '■ 
able  of  any  of  the  component  parts  of  the  urine. 
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Nearly  forgotten  fince  the  time  of  Rouello,  it  appears 
Scheelc.  to  have  clc;ipLd  the  attention  of  cheniifts,  until  Schccle, 
in  his  memoir  on  the  vefical  calculus,  mentions  it  with- 
out defcribing  it,  by  the  name  of  oily  extra^lve  matter. 
Cruiek-  Cruickfhank  has,  however,  given  an  account  of  fome  of 
fliank.  -^.g  properties,  and  has  ditlinguifhed  it  from  all  others 
which  have  been  as  yet  related  by  two  of  it's  mod  cha- 
raAeriftic  and  ftriking  qualities ;  for,  in  the  w  ork  of 
Rollo,  on  diabetes,  this  chemift  informs  us,  that  the 
animal  extraftive  matter  of  urine  aftbrds,  on  diflillation, 
at  firft  water  impregnated  with  carbonat  of  ammonia, 
the  fame  fait  in  a  concrete  ftate,  then  a  fetid  empyreu- 
matic  oil,  afterward  a  little  phofphorus,  and  an  animal 
coal  is  left  of  difficult  incineration.  Treated  with  twice 
or  thrice  it's  weight  of  nitrous  acid,  it  affords  half  it's 
weight  of  flat,  rhomboidal,  and  fliining  fcales,  refcmbling 
the  acid  of  borax.  By  expofure  to  a  gentle  heat,  the 
fcales  evaporate  in  a  white  fmoke ;  to  a  ftrong  heat,  they 
burn  with  a  red  flame,  and  a  kind  of  detonation  re- 
fcmbling that  from  nitrat  of  ammonia, 
ixtraftion  The  mtthod  of  feparating  this  peculiar  urinary  matter 
is  by  evaporation.  The  urine  of  an  adult  perfon,  voided 
feven  or  eight  hours  after  a  meal,  is  to  be  evaporated  in  a 
glafs  veflel  by  a  gentle  heat,  until  it  has  acquired  the 
confidence  of  a  thick  firup.  It  is  then  of  a  deep  brown, 
has  a  fetid  odour,  and  it's  nature  is  evidently  ammoni- 
acal.  During  it's  cooling,  the  whole  mafs  takes  the 
form  of  granular  cryftals,  which  are  a  mixture  of  all  the 
falts  v/ith  the  urec.  To.  obtain  this,  four  times  it's 
weight  of  alcohol  is  to  be  poured  upon  it  at  feveral  times, 
and  expofcd  to  a  flight  heat.  The  greater  part  is  now 
feen  to  diflblve,  and  give  an  obfcure  brown  colour  to  the 
liquor,  and  there  remains  a  faline  matter  nearly  white, 
which  Rouelle  advifed  to  obtain  in  this  manner,  and  from 


of  urte. 
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it*s  folubility  in  alcohol,  he  named  that  which  this  men- 
flruum  took  up,  faponaceous  matter. 

This  brown  alcoholic  folution  is  then  to  be  poured  into 
a  glafs  retort,  expofed  to  a  fand  heat,  and  a  fetid  alcohol 
is  obtained,  charged  with  carbonat  of  ammonia,  which 
efFervefces  with  acids,  and  which,  on  their  jaddition,  be- 
comes of  a  rofe  colour,  from  dragging  with  it  a  certain 
proportion  of  uree.  This  diftillation  is  continued  until  ^''s  popor* 
the  ebullition  is  pretty  ftrong,  and  until  the  liquor  ac- 
quires a  firupy  confidence.  The  alcohol  being  diifi- 
pated,  the  whole  matter  on  Cooling  cryflallizes  in  the 
form  of  interfecled  fubquadranguhr  plates,  the  edges  of 
which  appear  to  be  cut  j  their  colour  is  of  a  fhining  yel- 
lowifli  white,  and  even  browniih  in  many  points.  This 
cryftalline  mafs  exhales  the  odour  of  fetid  urine,  with  a 
garlick  fmell,  it's  tafie  is  ftrong,  pungent,  and  refembles 
that  from  ammoniacal  falts  ;  it  deliquefces,  and  is  con- 
verted by  degrees  into  a  thick  brown  liquid.  It's  odour 
in  particular  is  extremely  chara^^eriftic  ;  it's  ftench  is  in- 
fupportable,  refembling  that  of  arfenical  fulfures.  Be- 
iides  the  difguft  it  caufes,  thefe  chemifts  fufpe6t  it's  ca- 
pability of  producing  difeafe,  for  on  being  employed 
feveral  hours  upon  it,  they  contra6led  a  headach,  and 
were  indifpofed. 

On  detaching  uree  from  the  vefiels  in  it's  cryftalline 
form,  it  refembles  a  granular  pafte  ;  is  difficult  to  cut  j 
vifcous,  tenacious;  internally,  very  folid;  externally, 
fofter,  like  a  thick  honey,  to  which  Rouelle  compared  it, 
as  Boerhaave  already  had  before.  It  diflblves  fo  rapidly 
in  water,  that  it  is  only  neceftary  to  pour  a  fmall  quan- 
tity into  the  v^flel  that  contains  it,  immediately  to  detach 
it,  and  on  the  flighteft  agitation,  it  becomes  a  thick 
brown  liquid.  During  this  folutiop,  a  very  fenftbl^  coU- 
nefsis  produced, 

DOS 
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Uiee  is  fomewhat  lefs   foluble  in  alcohol  than  in  wa- 
ter; it's  alcoholic  folution  aftbrds  cryftals   much  more 
cafilv  on  cooling,  than  that  procured  by  water. 
Formt  a  On  mixing  it's  aqueous  folution,  fomewhat  concen- 

cuiious  fait  ,        .  ,        .     .  .  ,  nil-  1  ■     n         ^       1 

wiiii  nitric    tratedj  with  nitnc  acid,  cryftallme  plates  arc  inltantly  dc- 
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pofited,  which  are  white,  fhining,  and  pearly.  Urine, 
when  exficcated,  prcfents  the  fame  phenomenon  :  it  feems 
that  the  uree  forms  with  the  acid  a  fort  of  fait  that  is 
little  foluble,  and  very  cryftallizable.  This  property  is 
one  of  the  moft  fuigular  and  charafteriftic  of  this  matter. 
The  other  acids  do  not  produce  the  fatne  efFecl.  The 
muriatic  precipitates  it  fr»m  it's  alcoholic  folution  in 
the  form  of  white  flocks. 
It's  aqueous      jj'g  folution  in   water  is  of  a  brown  colour  when  this 

lolution   .if-  .  .  .     .  • 

fumes  dif-  fluid  is  in  fmall  quantity,  but  it  is  made  to  pafs  through 

louis.   °"    a^l  the  fliades  of  orange,  yellow,  and  lemon  colours,  by  the 

quantity  of  menftruum,   fo    as  to  imitate  every   fpecies 

Precipitate*  of  urine;  it's  concentrated  folution  precipitates  the  nitrat 

k-ad.  of  lead  of  a  brown  yellow,  which  may  be  rcdiflblved  after 

fonie  time  in  much  water.   On  evaporating  the  liquor  from 

which  the  precipitate  is  formed,  fmall  fhining   (ilverlike 

cryftals  are  obtained.     On  treating  the  precipitate  of  lead 

by  the  blowpipe,  it  fwells,  blackens,  flies  off"  in  a  white 

fmoke,  and   leaves  behind  it   a  metallic   button  of  lead. 

And  nitiats  Xhis   folution   precipitates  the  nitrats  of  mercury  and  of 

ot  mercury  .  . 

and  fiivcr.'  ijlver,  white;  mixed  with  fuperoxygenated  muriat  of 
mercury,  which  it  does  not  precipitate,  it  gives  to  the 
oxyd  feparated  from  it  by  an  alkali  a  gray  flax-colour. 
It  appears  to  be  thcures  which  gives  to  urine  the  pro- 
perty of  forming,  with  the  nitric  folution  of  mercury,  a 
rpfe-coloured  precipitate,  already  obfcrved^  and  defcribcd 
bvLemery  at  the  end  of  the  laft  century.  ' 

Anon  of         Gall  nuts  give  the  folution  of  urce  a  yellowifli  fawn 

Ra.iS  upo.i    p^,jQ^J.^  without  precipitating  it. 

And  of  tan.      Tan  fomcvvhat  changeg  it's  colour,  but  docs  not  caufe 
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a  precipitation,  fo  that  it  may  be  of  ufe  to  feparate  it  in 
fame  manner,  or  rather  to  feparate  from  it  the  animal 
albuminous  matter  which  accompanies  it  in  urine. 

Uree  when  expofed  at  firft  to  a  gentle  diftiiling  heat  in  Diftiiiaiion 
a  glafs  retort,  and  the   fire  afterward  raifed  fo  as  to  red- 
den the  veflel,  is  foon  melted.     Almoft  on  the  firft  accefs 
of  heat,  a  white  vapour  arifes,  which  becomes  condenfed 
and   cryftallized   near  the  mouth  of  the  retort,  having 
every   appearance  of  benzoic    acid.     Another   concrete 
body  foon   fucceeds  this  firft  fublimate,  eafily  known  to 
be  the  carbonat  of  ammonia.     This   new  product  ap- 
pears without  interruption,    even  to  the  end  of  the  ope- 
ration.    There  is  no  oil,  nor  condenfed  water,   the  fub- 
iimed  fait  being  only  a  little  brown.     The  air  extricated 
is  at  firft  impregnated  with  a  difagreeable  garlick  odour, 
refembling  that  from  putrid  fifh,  and  it  carries  over  with 
it  fome  carbonat  of  ammonia,  which  renders  the  fpring 
v/ater  of  the  tub,  in  which   the  pneumato-chemical  ap- 
paratus is  contained,  turbid.     When  the  fire  begins  to  be 
very  intenfe,  the  odour  of  the  produ(Si:,   always  ammoni- 
acal  and  an  elaftic  fluid,  becomes  a  ftcnch  really  infup- 
portable,  ftill  preferving  the  fame  chara6ler  of  putrid  fifli 
and  garlick.     The  matter  at  the  bottom  of  the  retort  ap- 
pears in  a  dry  form,  of  a  blackilh    colour,  and  covered 
with  a  white  raifed  cruft ;  this  cruft  fublimes  into  a  heavy 
vapour,  and  attaches  itfelf  to  the  loweft  part  of  the  retort 
above  it's   bottom.       It   is    the   muriat    of    ammonia. 
After  more  than  two  hours  expofure,  the  coaly  reiiduum 
.left  behind  afford,   by  lixiviation,   a  liquor  of  the  odour 
of    prufiic   acid,     which   precipitated,  by   means  of  an 
alkalij  folutions  of  iron,  of  a  blue  colour.     It  ftill  con- 
taitied  fome  muriat  of  foda,  and  a  little  muriat  of  ammo- 
nia.    On   calcining  the  coal^  there  arofe  an  ammoniacal 
odour,   mixed    with    that  of  the   pruffic   acid,  or  bitter 
aim  nd«   during   the   whole  time*     There  remained  lefs 
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than  ^.^o  part  of  the  diftillcd  urec  in  wcigbtj  of  a  white 
matter,  fliarp,  fohible,  changing  violets  to  a  green,  effer- 
vefcing  with  acids,  and  having  great  analogy  to  carbonat 
of  foda. 
rnd*c"o?fe  From  this  procefs  it  appears,  that  urce  contains  the 
quencesof  benzoic  acid,  inuriat  of  ammonia,    and  a  little  muriat  of 

this  pro- 
cefs. loda  ;  that  ii  is  very  decompofable  by  fire ;  that  the  mofl: 

abundant  product  of  this  decompofition  is  ammonia; 
that  neither  water  nor  oil  (at  ieaft  in  fufficient  quantity 
to  be  eftimated)  is  formed;  that  there  is  a  fufficient  por- 
tion of  carbonic  acid  produced  to  faturate  the  ammonia, 
and  a  little  pruflic  acid  ;  that  the  carbonated  hydro- 
genous gas,  the  carbonic  acid  and  azot  gafes,  difengaged, 
are  very  difficult  to  determine  ;  that  the  carbonat  of  am- 
monia, impregnated  with  a  little  animal  oil,  horribly  fe- 
tid, conftantly  faturated  the  air  of  the  apparatus,  which 
expanded  even  to  it's  extreme  part,  and  that  the  princi- 
ples, azot,  hydrogen,  carbon,  and  oxygen,  fo  difpofed  to 
take  a  gafcous  form,  conflitute  the  urce  in  fuch  propor- 
tions, as  to  be  converted  by  the  afticn  of  heat  into  am- 
monia, pruffic  and  carbonic  acids,  iaftead  of  forming 
water,  oil,  and  nitric  acid,  which  they  form  in  other  cir- 
cumftances  hereafter  to  be  mentioned.  Likewife  the 
great  quantity  of  ammonia  in  the  produ6ls  announces 
that  azot  occupies  the  firft  place,  by  it's  proportion 
amongft  the  conftituent  parts  of  iiree.  This  refult,  very 
different,  as  is  evident,  from  what  former  chemifts,  and 
particularly  Rouellejun.,  Scheele,  and  Cruickfliank  had 
related  of  this  pretended  faponaceous,  animal  extraftive, 
or  oily  extractive  fubftance,  engaged  Fourcroy  and  Vau- 
quelin  to  obtain  the  proportions  of  the  produfts  during 
the  diftillation,  in  as  exaft  a  manner  as  poflible;  and 
Nature  of    they  found,  that  288  parts  of  uree  afforded,  with  0,03  of 

tfiepro-         ,    -  -       '  •  r  L 

dudic.         lofs,  200  parts  of  carbonat  of  ammonia,  10  of  carbo- 
nated hydrogenous   gas,  ^    of    coaly    refiduum,    68   ot 
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muriat  of  ammonia,  of  benzoic  acid,  and  of  muriat  of 
foda,  with  fome  traces  of  oil,  and  pruffic  acid,  that  could 
not  be  eftimated  ;  hence  it  appears,  that  this  procefs  was 
of  great  ufe  m  determining  the  compofition  of  this 
matter. 

Two  parts  of  cryftalline  uree  with  one  of  diftilled  wa-  Ureedift.l- 
ter,  being  mixed  at  a  temperature  of  10^,  melted,  forming  '^'^  ^"^ 
thick  and  brown  flrite  ;  eight  parts  more  of  water  beinc 
added,  the  folution,  which  was  very  clear  and  coloured, 
was  poured  into  a  large  glafs  retort  by  means  of  a  funnel, 
when  a  very  evident  white  vapour  arofe  from  it,  originat- 
ing from  the  difengagement  of  a  little  ammonia  uniting 
to  the  water,  and  the  carbonic  acid  of  the  atmofphere. 
This  being  diftilled  on  a  fand  bath,  to  a  flight  ebullition, 
and  until  the  folution  had  acquired  the  confiftence  of 
firup,  it  was  of  a  deeper  colour,  and  lefs  cryftallized  than 
at  firft,  and  the  water  which  came  over  was  a  very  pure 
and  tranfparent  folution  of  faturated  carbonat  of  am- 
monia. 

The  fame  quantity  of  diftilled  water  being  put  upon 
the  cooled  matter,  it  was  diftilled  a  fecond  and  a  third 
time,  with  the  fame  effeft,  except  that  the  colour  of  the 
folution  of  carbonat  of  ammonia  was  rather  brown  from 
the  fecond  diftillaiion,  and  deeper  coloured  or  rather  oily, 
with  a  depofit  of  a  certain  quantity  of  carbon  from  the 
third. 

During  thefe  three  fucceffive  operations,  in  which  more 
than  half  the  weight  of  uree  was  afforded  of  carbonat 
of  ammonia  (0,546),  this  matter  was  not  exhaufted,  fr9m 
the  formation  of  it ;  for  difTolved  in  a  fourth  quantity  of 
water,  it  prefented  the  charafters  of  acetous  acid,  and 
although  it  had  depofited  a  little  carbonaceous  powder, 
it  loft  this  acid  ftate  on  four  or  five  days  expofure  to 
about  20°  of  Reaumur,  and  again  exhaled  ammoniacal 
water  by  evaporation  j  befides  it  depofited  odloedral  cryf- 
D  D  4. 
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tals  of  muriat  of  foda,  and  gave,  after  being  thickened^ 
a  fliining  pcarUlike  precipitate  by  the  nitric  acid,  a  proof 
that  in  fpitc  of  the  great  (juantity  of  ammonia  formed, 
ilill  a  poflion  of  urec  remained  undccompofcd. 
compoL*^'  Hence  it  may  be  concluded,  that  the  water  difpcrfing 
tiuD.  ^\^Q  molecules  of  dilfoh^ed  urcv;,  and  not  permitting  them 

to  undergo  a  temperature  higher  than  that  of  it's  ebul- 
lition, is  fufficient  to  decompofe  it;  that  this  temperature 
which  docs  not  diforganize  animal  fubftances  either  com- 
pletely or  eafilv,  but  only  is  capable  of  changing  their 
confiftencc,  favour,  and  odour,  has  the  power  of  deftroy- 
ing  the  intimate  attra^lion  which  keeps  the  principles  of 
urce  united  in  a  compolition  at  leaft  quaternary;  that 
this  phenomenon,  hitherto  unknown  amongft  organic 
fubftances,  announces,  that  this  is  of  an  order  of  com- 
pofition  ftill  more  complicated,  if  poffible,  and  it's  equi- 
librium more  llight  and  eafy  to  deftroy. 
Kfmaiks  It  is  not  only  in  the  formation  of  ammonia  that  the 
^p^iiit.  fudden  dccompofition  of  urec  appears,  at  a  temperature 
and  by  a  procefs,  which  before  would  have  been  looked 
upon  as  impoffiblc  ;.  perhaps  the  formation  of  carbonic 
acid  in  the  midft  of  an  aqueous  liquid,  and  at  the  heat  of 
ebullition,  is  ftill  more  remarkable.  It  is  to  be  obferved, 
that  there  is  only  a  quantity  of  it  formed  fufficient  to  fa- 
turatc  the  ammonia,  for  there  is  neither  cffervefccnce  nor 
a  difengagement  of  gas  in  this  experiment,  and  the  pro- 
portion of  carbon  feparated  during  this  dccompofition  of 
uree,  exceeds  the  quantity  of  oxygen  which  might  pro- 
duce combuftion,  lince  a  portion  of  this  principle  is  de- 
pofited  alone.  With  refpedl:  to  the  formation  of  acetous 
acid,  at  a  heat  nearly  (hat  of  the  bain.  mar.  and  in  fo  di- 
luted a  folution,  it  appears,  that  in  this  the  dccompofition 
of  urec,  by  the  long  a6lion  of  boiling  water,  approaches 
that  which  happens  during  it's  fermentation,  and  wliich 
is  the  cafe  with  urine  during  it's  fpontancous  dccompofi- 
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tion,  and  in  effe6l,  urine  only  differs  from  this  artificial 
folution  of  uree,  in  having  this  matter  combined  in  part 
with  fahnc  fubftances  that  retard  the  decompofition, 
when  not  excited  by  fome  fermentative  or  putrefcent  prin- 
ciple, which  is  the  cafe  when  urine  contains  a  gelatinous 
or  albuminous  matter,  in  a  fomewhat  larger  proportion 
than  common. 

One  part  of  uree  difiolved  in   64  parts  of  water,  was  it'sfponta- 
left  in  an  ill-corked  bottle,  filled  to  .|  of  it's  volume,  for  neo"sdt- 

'  o  '  conipoh- 

about  feven  weeks,  the  temperature  being  above  165*^,  uon. 
when  a  fermentation  took  place  in  this  fluid  which  was 
of  a  browniih-red  colour.  Bubbles  of  air  continually 
arofe,  it  beckme  covered  with  a  light  foam ;  the  void  part 
of  the  bottle  contained  a  fluid  that  extinguiflied  a  can- 
dle;  it  exhaled  a  lively,  fliarp  odour,  that  was  acidulous, 
urinary,  and  difagreeable.  Some  compared  it  to  that 
arifing  from  marflies,  others  perceived  the  odour  of  vine- 
gar. In  diftinguifliing  this  lafl:,  Fourcroy  likewife  ob- 
fervcd  fomething  of  ambergris,  the  odour  of  which, 
he  had  obferved  before,  in  a  brown,  fufible,  impure  fait, 
kept  for  feveral  years  in  his  laboratory.  This  liquor  was 
left  four  weeks  longer,  and  as  in  three  months  every  fign 
of  fermentation  had  difappeared,  it  was  fubmiLted  to 
diflillation,  after  the  addition  of  twice  it's  primitive 
weight  of  concentrated  fulphuric  acid.  The  odorous 
and  evidently  acetous  produ6l  obtained,  likewife  con- 
tained the  benzoic  acid  ;  both  acids  were  pr-ecured  by 
combining  th-?m  with  potafli.  The  refiduum  contained 
fulphat  of  ammonia  and  carbon. 

During  this  fpontaneous  decompofition  of  uree,  fome  Campared 
deep-coloured  urine  was  expofed  to  the  fame,  and  it  was  ^'*^  """*• 
obferved,  that  this  laft  underwent  it  more  rapidly;  and 
as  fome  fpecies  of  pale,  or  flightly  coloured  urines,  in 
which,  however,  tan  caufed  a  very  evident  precipitation, 
were  more  rapidly  decompofed,  and,  as  it  was  fuppofed. 
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that  this  fiulclen  change  might  depend  on  an  animal  mat- 
ter that  Icrvcd  as  a  t'ernicut,  g  in  weight  of  albumen  was 
added  to  a  folution  of  uree  compofed  of  60  times  it's 
wciiiht  of  water.  This  mixture  was  found  to  ferment 
much  fooner  than  the  pure  folution  of  urce,  or  the  urine. 
The  figns  of  fernientalion  were  much  more  evident,  the 
liquor  became  turbid  and  full  of  flocks;  a  more  abun- 
dant fcum  arofe  to  the  top,  which  was  more  thick  and 
tenacious  ;  the  odour  was  more  fetid  ;  more  air  bubbles 
were  difengaged,  and  although  the  acetous  acid  was  pro- 
duced as  in  the  other  two,  the  quantity  of  ammonia 
formed  at  the  fame  time  was  more  confiderable,  fo  that 
the  liquor  was  alkaline,  and  the  decompofition  in  general 
much  more  advanced. 
Is  both  acid      Xhis  fpontaneous  decompofition  of  uree  by  a  real  fer- 

aad  putrid.  '      .  .  .  . 

mentation,  is  both  acid  and  putrid  at  the  fame  time.     It 

differs  fingularl)'  from  that  by  the  fire,  by  producing  more 
acetous  acid  and  lefs  carbonic  acid  and  ammonia  than  by 
heat,  which  arifes  from  the  different  attraftions.  During 
the  fpontaneous  decompofiiion,  it  appears,  that  the  prin- 
ciples are  not  fo  ready  to  form  binary  unions,  their  at- 
traction being  more  tranquil ;  hence  the  acetous  com- 
pofition  which  prevails  over  the  other  effefts  that  ac- 
company the  produftion  of  this  acid.  The  portion  of 
carbonic  acid  is  difengaged  as  it  forms,  and  cannot  re- 
main ditfolved  in  the  fame  liquor  as  the  acetous. 
Aaionof  The  treatment  of  uree  by  acids,  which  aft  upon  it  in 
uree.  a  manner  very  different  from  what  they  do  on  other  ani- 

mal fubftances,  and  the  comparifons  to  that  by  heat,  are 
the  means  which  thefe  chemifls  employed  to  obtain  a 
knowledge  of  it's  conftituent  principles. 
Ti.efulpliu-  An  aqueous  folution  of  pure  uree  mixed  with  |  of  it's 
v.'eioht  of  diluted  fulphuric  acid,  produced  no  effervef- 
cence.  On  a  (light  ebullition  in  a  retort,  it  became 
covered  with  an  oily  and  black  matter,  which  fixed  on 
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cooling.  The  atSlion  of  fire  on  this  matter  produced  no 
oil,  as  before  obfcrved,  but  a  difengagement  of  carbO't 
nated  hydrogenous  gas,  and  a  precipitate  of  carbon. 
The  product  in  the  receiver,  after  the  oleaginous  action  of 
the  fulphuric  acid,  was  a  yellowifli  coloured  liquor,  in 
which  dark  brown  particles,  evidently  carbonaceous, 
were  obfcrved  to  fwim ;  it's  odour  refembled  that  of  the 
empyreumatic  acetous  acid,  arifing  from  the  decompofi- 
tion  of  an  alkaline  acstite  by  fire ;  it's  favour  was  fharp 
and  hot,  like  that  of  diftilled  oil.  It  reddened  the  tinc- 
ture of  turnfole,  without  precipitating  the  foluble  falts  of 
barytes;  hence  it  contained  no  fulphuric  acid.  Satu- 
rated with  lime,  it  gave  two  falts,  viz.  acetite  and  ben- 
zoat  of  lime.  Hence  the  benzoic  acid  accompanies  uree 
in  it's  cryftalline  precipitation. 

During  the  firft  aftioti  of  the  fulphuric  acid  on  uree, 
a  part  of  this  matter  had  undergone  another  fpecies  of 
decompofition,  for  the  red  refidual  liquor  of  this  difiilla- 
tion  gave  fulphat  of  ammonia  in  fuflicient  quantity. 
This  fait,  however,  formed  in  part  by  the  union  of  the 
fulphuric  acid  to  the  ammonia,  united  to  muriatic  acid, 
fince  the  ammoniacal  muriat  evidently  exiits  in  uree,  as 
is  proved  by  the  difengagement  of  muriatic  acid  cflc6led 
by  concentrated  fuiphuric  acid,  and  that  of  ammonia  by 
potafh.  Yet  a  portiori  of  uree  itfelf  is  converted  into  am- 
monia during  the  double  a«Stion  of  heat  and  fulohuric 
acid. 

On  repeating  thefe  diftillations,  the  fame  effe£Vs  take 
place,  but  after  the  firft,  there  remains  much  uree  unde- 
compofed,  and  which  is.  precipitated  again  in  cryftals,  on 
the  addition  of  nitric  acid  a  little  concentrated.  Hence 
the  fulphuric.  acid,  when  weak  and  warm,,  converts,  by 
degrees,  uree  into  acetous  acid  and  ammonia,  feparates 
the  benzoic  acid  it  contains,  and  takes  the  ammonia  from 
the  muriatic  acid,  which  it  conceals  m  union ;  at  the 
\ 
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fame  time  it  coiwerts  a  portion  into  the  ftate  of  oil,  and 
feparates  a  part  of  the   carhon,  which  colours,  and  even 

It'saftioh    renders  the  folution  turbid,  from  which   it  maybecon- 

fimilnr  to  1111  irii-  -in  ••!/• 

put-efar-     eluded,  that  the  fulphunc  acid  acts  uponuree  in  the  fame 

*°"*  manner  nearly  as  the  flow  or  putrefactive  decompofition. 

Thcritiic         ^  ^^"^  manner  in  which  the  nitric  acid  afts  upon  uree  is 

**"'  *  the  moft   fin<i;\ilar  of  all.     It's  power  on  organic  fub- 

ftances  is  well  known,  and  the  phenomenon  it  produces 

with  uree   has  been  already  indicated  by  Cruickfliank  in 

the  remarkable  precipitation  it  produces,  which  is  one  of 

the  characters   that  particularly  diftinguiflies  uree  from 

all  other  ful^ftanocs. 

This  precipitate,  which  is  lamellateJ,  radiated,  white, 
fliining  like  fatin,  foon  becoming  of  flax  gray,  brown,  and 
even  black,  in  fufficient  quantity  to  fill  the  vefTel,  and 
convert  all  the  urinary  liquid  into  a  folid  and  cryftalline 
mafs,  in  a  few  feconds,  and  even  at  the  moment  almoft 
as  the  nitric  acid,  fomewhat  flrong,  is  poured  on  urine, 
evaporated  to  the  confidence  of  firup,  or  on  a  folution 
of  uree  fufficiently  concentrated,  to  be  of  that  confidence, 
is  a  phenomenon  unknown  to  chemiftrv  in  treating  ani- 
mal fubftances  with  the  nitric  acid.  To  determine  the 
nature  of  the  precipitate,  it  was  cautioufiy  heated,  it  be- 
came foft,  and  melted  like  oil;  a  briik  effervefcence  took 
place,  and  part  was  converted  into  nitrat  of  ammonia. 
Hence  this  cryftalline  depofit  is  a  compofition  of  uree 
and  nitric  acid ;  it  is  not  pure  uree  feparatcd  from  it's 
folution  by  the  acid,  but  the  product  of  an  intimate 
union,  which  does  not  take  place  between  any  other 
acid  and  uree,  and  hence  ought  to  be  looked  upon  as  pe- 
culiar to  the  nitric  acid. 
Concen-  In  order  to  determine  the  atStion  of  vcrv  concentrated, 

and  very  diluted  nitric  acid  upon  uree,  aOilled  i)y  heat,  riS 
was  the  cafe  with  the  fulphuric  acid,  the  molt  concen- 
trated nitric  acid,  particularly  that  more  or  lefs  inijireg- 
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Hated  with  nitrous  gas,  being  poured  on  folid  uree,  ex- 
cited a  confiderable  eflferverceuce  and  much  heat  3  the 
matter  rofc  up,  fwelled  into  a  foam,  melted  into  a  deep 
red  hquor,  part  rejefted  or  thrown  out  of  the  veflel  by  the 
numerous  bubbles  of  nitrous  azot  and  carbonic  acid 
gafes,  which  are  difengaged  with  impetuufity.  It  ap- 
peared as  if  the  mixture,  agitated  and  boiling,  was  going 
to  inflame,  and  yet  this  violent  a6lion  conftantly  ceafed, 
the  mafs  funk,  and  there  only  remained  a  portion  of 
white  yellowifh  concrete  matter,  with  a  few  drops  of  a 
red  liquor.  If  this  refiduum  be  expofed  to  a  lively  hea,t, 
it  detonates,  and  inflames  in  the  fame  way  as  ammouiacal 
nitrat.  In  this  procefs,  therefore,  the  uree  is  decom- 
pofed  and  converted  into  carbonic  acid  and  ammonia; 
but  there  is  nothing  of  an  oily  nature ;  the  decompofi- 
tion,  however,  being  too  rapid  to  determine  the  produ6ls, 

it  was  better  obferved   durinci  the  flow  a6lion  of  the  di- 

o 

luted  nitric  acid. 

Upon  uree  cryftallized  by  evaporation  of  the  alcohol,  j^-^tei 
and  deliquefced  fo  as  no  longer  to  be  of  a  thick  firupy 
confiftenee,  was  poured  an  equal  part  of  nitric  acid,  red- 
dened by  nitrous  gas,  and  at  1460  of  concentration, 
united  with  it's  weight  of  diftilled  water,  in  a  tubulated 
retort;  but  the  effervefcence  being  fl:i!l  too  great,  another 
equal  portion  of  water  was  added.  After  this,  the  ho- 
mogeneous, brown,  and  liquid  mixture,  only  produced  a 
flight  and  gradual  effervefcence,  but  confliant  and  with- 
out interruption.  The  retort  was  placed  on  a  fand  bath 
which  was  gently  heated,  and  kept  at  the  fame  degree 
during  the  procefs,  which  lafted  nearly  two  days.  The 
moft  remarkable  phenomenon  is  the  difengagement  of 
eras,  which  is  conftant  and  regular,  the  quantity  of  which 
amounted  nearly  to  24  cubic  decimeters ;  more  than  -|  or 
25  grains  belonged  to  the  uree,  as  will  appear,  v  liich 
make  nearly  ^  of  the  matter  employed. 
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During  the  firft  day,  more  than  18  cubic  decimeters  of 
gas  came  over  j  and  even  to  the  quantity  of  10  or  12  cubic 
decimeters  it  was  compofed  of  azot  and  carbonic  acid 
gafcs,  which  la(l  was  known  by  means  of  a  lye  of  pure 
potafh.  As  to  the  fix  cubic  decimeters  of  this  firft  part 
of  the  diftillation,  the  azot  gas  was  replaced  by  atmofphe- 
ric  air. 

The  fecond  day,  nearly  fix  cubic  decimeters  of  gas  were 
obtained,  mixed  with  the  oxyd  or  nitrous  gas,  and  carbo- 
nic acid  ;  the  liquor  was  never  carried  to  ebullition,  and 
the  uniform  efTervefcence  was  confiantly  maintained  by 
very  fmall  bubbles,  equally  difengaged  from  the  whole 
furface  of  the  liquor. 

Towards  the  time  when  the  produftion  of  azot  gas 
ceafed,  the  colour  of  the  liquor,  until  then  red,  becoming 
weaker,  pafled  to  a  yellow  colour,  and  there  was  no  preci- 
pitation, no  black  flock,  nothing  of  a  carbonaceous  na- 
ture to  be  feen, 

At  the  fame  period,  the  portion  of  gas  infoluble  in  the 
lye  had  a  ftrong  odour,  and  produced  tears  from  it's  irri- 
tation. It  communicated  this  odour  to  water,  and  refem- 
bled  the  febacic,  or  rather  what  Berthollet  calls  the  oxy- 
genated pruffic  acid.  This  gas,  which  appeared  by  the 
eudiometer  to  be  a  mixture  analogous  to  atmofpheric  air, 
holding  a  little  pruffic  acid  in  folution,  only  arofe  after 
the  cefTation  of  the  azot  gas,  and  at  the  moment  the  ni- 
trous gas  became  evident. 

At  the  end  of  the  fecond  day,  the  matter  becoming 
thick,  and  affording,  with  difficulty,  a  vapour  to  be  con- 
denfed  in  the  receiver,  inflamed  with  a  violent  explofion, 
and  a  fat  carbonaceous  matter  remained,  which  gave  the 
'.vatcr,  with  which  it  was  lixiviated,  a  very  fenfiblc  odour 
of  pruflic  acid,  and  of  ammonia,  with  the  property  of 
precipitating  red  folutions  of  iron  in  the  form  of  Prulfiaii 
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blue.     After  this  a6Lion  of  the  water,  the  coal  formed 
nearly  the  940ih,  or  0.0044,  of  the  weight  of  the  uree. 

In  the  receiver  there  was  a  greenifh  yellow  liquor, 
very  acid,  upon  which  fome  oily  panicles  were  feen, 
whilft  the  penetrating  odour  announced  it's  nature  to  be 
that  of  the  gas. 

In  fpite  of  every  care,    thefe  chemifts    experienced 
a  pretty   confiderable     lofs   during   this    experiment  of 
the  decompofition  of  uree  by   fire  and  the  nitric   acid, 
which  appeared  from  the  llrong  odour  it  diffiifed  in  the 
laboratory ;  but  at  the  fame  time,  the  a^ion  of  the  nitric 
acid  on  this  fubftance   alone  fliows  it  to  be  different  from 
every  other  animal  fubftance,  it's  mode  of  decompofition 
being  limited  to  the  abundant  extrication  of  azot  and 
carbonic  acid,  and    to  the  formation  of  ammonia  and 
pruffic  acid.     As  to  the  atmofpheric  air  obtained  toward 
the  end,  it  arifes  from  the  decompofition  of  the  nitrisnus 
gas,  and  a  portion  of  oxygen  gas  fet  at  liberty.     Every 
thing,  therefore,  during  the  aftion  of  this  acid,  announces 
the  uree  to  be  a  fubftance  furcharged  with  azot,    befides 
containing  hydrogen   and  carbon   Angularly  difpofed  to 
be  converted   into  ammonia,  as  well  as  the  eafy  fepara- 
tion  of  a  great  quantity  of  azot  become  free  and  capable 
of  taking  the  elaftic  ftate.     It's  conftituent  principles  are 
likewife  eafily   detached  in  a  gafeous  form,  and  it  ap- 
pears to  have  a  decided  tendency  to  be  fooner  and  more 
perfe(SHy  decompofed  by  ftrong  reagents  than  other  fub- 
ftances. 

The  aftion  of  the  nitric  acid,  therefore,  as  well  as  that 
of  caloric,  proves  uree  to  be  a  fubftance  containing  a 
great  quantity  of  azot,  and  the  cornpofition  of  which 
particularly  conceals  the  union  of  this  fuperabundant 
principle  with  hydrogen,  caibon,  and  even  oxygen,  Aa 
^0  the  fmall  quantity  of  benzoic  acid,  and  muriat  of  am- 
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monia,  which  appears  conflantly  to  accompany  urcc,  thcv 
are  loft  during  the  procefs. 
Tiie  oxyse-      The  nuirlatic  acid  has  no  fenfible  effeft  on  urcc  ;  but  in 
"j^i^."^^^.^""' an  oxygenated  ftate,  partially  decompofcs  it  in  a  fin^ular 
manner.     Some  ureij  of  the  confidence  of  firup,  bcinf^ 
diluted  wiih  four  parts  of  diftilled  water,  and  put  into  one 
of  Woulfe's  bottles,  to   which  a  fccond  was  adapted  full 
of  water,  and  terminated  by  a  tube  plunged  under  a  glafs 
veflcl,  fomc  oxygenated  muriatic   acid  gas  was  made   to 
pafs  through  it  at  the  moment  of  it's  production.     The 
liquor  was    of    a    deep    brocvn,    but  tranfparcnt.     The 
gas   paffing   in  great  abundance   in  blebs,  was  fpecdily 
diflblved ;  fmall  brown   flocks,   clearer  than   the  liquor, 
were    feparated,  which   foon   became   yellow,   and    ad- 
hered to  the  fides  of  the  ghifs  like  a  concrete  oil.     The 
liquor,    wliich     always    Hopped    and   diffolved    the   gas, 
foon  became  of  a  white  beer  colour,  the  flocks  yellow, 
and  thofe  that  were  precipitated  were   found  after  the 
procefs  to  keep  up  an  eflcrvefcence  for  five  days,  although 
the  gas  had  only  been  communicated  a  few  hours  until 
the    faturated  liquor   refufed  to  diflblve   it.     Six  cubic 
inches  of  gas  were,  however,  only  collefted,   a  third  of 
which  w^as  carbonic  acid,  and  the  two  others  azbt  gas ; 
the  oxygenated  muriatic  acid  difengages  much  lefs  gas 
from  uree  than  the  nitric  acid,  and  fixes  rather  than  vo- 
latilizes it's  principles;  for  it  appears,  that  although  there 
was  an  excefs  of  this  reagent  in  the  folution,  a  great  part 
remained  untouched  ;  and  as  the  liquor  at  the  fame  time 
contained   a  fufficient  quantity  of  free  muriatic  acid,  it 
was  found  that  one  portion  of  the  oxygenated  muriatic 
acid  gas  was  firft  difTolved  in  the  liquor,  and  precipitated 
a  part  of  the  uree  ;  that  foon  afterward  a  fecond  portion 
of  the  fume  gas  readied  upon  the  flocks  of  precipitated 
uree,  difcoloured  them,  difengaged  the  azot,  confume4 
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£  part  of  the  carbon  ;  in  fhort,  decompo fed  tliem,  and 
5it  the  lame  time  paffed  to  the  ftate  of  ordinary  muriatic 
acid,  which  fixed  and  retained  in  the  liquor  the  greateft 
part  of  the  uree^  by  defending  it  from  the  adlion  of  a 
frelh  quantity  of  oxygenated  muriatic  acid.  Here  the 
influence  of  this  reagent  ended,  flopped  on  the  one  fide 
by  the  conyerfion  of  about  one  fixth  part  of  the  uree  fe- 
parated  from  the  water  into  carbonic  acid  and  azot  gafes^ 
and  into  a  fat  matter  compoling  only  two  or  three  hun- 
dredths of  this  one  fixth  decompofed  ;  and  on  the  other 
fide,  by  the  faturation  of  five  fixths  of  this  matter  by  the 
ordinary  muriatic  acid. 

Urec  is  very  I'oluble  in  alkaline  lixivia,  and  appears  to  Ureetrrat* 
have  a  ftrong  attvaftion  for  faline  bafes.     Triturated  in  a  lis.mdraiu. 
thick  and  foft  flate  with  a  Ive  of  cauflic  potafli,  a  flrong 
odour  of  ammonia  is  immediately  perceived. 

The  fame  takes  place  with  the  carbonats  of  potafli  or 
foda  ;  and  as  lime,  barltes,  and  in  fome  meafure  map"- 
nefia  produces  the  fame  effect;  it  follows  that  this  ani- 
mal fubftance  contains  muriat  of  ammonia,  which  thefe 
bales  decompofe.  Another  cffe6l  is,  however,  produced 
when  folid  or  foft  ures  is  rubbed  with  dry  cauflic  potafh 
in  powder.  It's  mixture  becomes  very  warm,  there  arifes 
fo  large  a  quantity  of  ammonia  as  to  make  it's  formation 
evident  ;  whilll  by  the  carbonats,  it  is  only  from  the 
muriat  contained  in  it.  The  mixture  likewife,  become 
of  a  verv  brown  colour,  lets  a  fubftance  efcape  from  it's 
furface,  which  is  equally  coloured,  and  has  the  appear- 
ance of  an  empyrcumatic  oil.  From  this  it  appears,  that 
potafn  quickly  decompofes  ure>,  but  it  was  necefiary  to 
procure  a  further  decompofition  by  heat. 

One  part  of  uree  in  a  firupy  form,  with  two  parts  of  Evpo-.aOi 
pure  iolid  potafli,  diflblved  in  four  times  the  quantity  of  ^^''''^^'•^'■^^• 
diliilled  water,  were  poured  into    a  tubulated  retort,  to 
wliich  a  receiver  was  applied  filled  one  fourth  full  of  wa> 
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ter.  It  was  then  heated,  and  during  the  proccfs  It  was 
found  that  the  iiree  was  deconipofed  in  a  fimilar  manner 
to  that  cffeAed  by  the  I'ulphuric  acid,  or  the  fpontaneous 
decompofition  of  ureo  when  it's  folution  is  placed  in  a 
mild  temperature.  The  uree  is  changed  into  ammonia^ 
and  the  acetous  and  carbonic  acids ;  the  benzoic  acid  is  not 
changed  during  this  decompofition,  but  is  found  amongft 
the  diftilled  produiSls.  Hence  the  extreme  tendency  of 
the  uree  to  be  converted  into  ammonia,  and  carbonic  and 
acetous  acids,  renders  the  power  of  the  alkali  of  producing 
ammonia  from  animal  fubftances  more  energetic  and 
rapid,  which  thefe  chemifis  have  called  ammoniaxation^ 
and  which  arifes  from  the  abundance  of  azot  contained  in 
uree,  and  the  fmall  quantity  of  hydrogen  3  two  circum- 
ilances  which  particularly  characterize  it,  for  in  all  the 
procefles  to  which  it  is  expofed,  it  is  found  to  contain 
much  more  azot  and  lefs  hydrogen  than  any  other  animal 
matter. 
Wni'fdwith  According  to  thefe  chemifts,  the  muriat  of  foda  ob- 
tained from  urine  is  in  the  form  of  o6toc(lral  cryftals, 
whilft  that  of  ammonia  is  feparated  m  the  form  of  cubes- 
Many  errours  arifing  from  chemifts  having  been  deceived 
by  their  forna,  in  taking  the  muriat  of  animonia  for  that 
of  foda,  and  the  latter  for  the  former,  Fourcroy  and  Vau- 
fjuelin  found,  after  a  great  number  of  curious  experi- 
ments, that  the  variation  of  their  form,  or  the  converfion 
of  the  primitive  cube  of  the  muriat  of  foda  into  an  odloe- 
dron,  and  that  of  the  primitive  odoedron  of  the  muriat 
of  ammonia  into  a  cube,  is  owing  to  the  combination  of 
thefe  falls  with  the  uree.  This  property,  the  firft  of  the 
kind  hitherto  obferved,  and  which  they  confider  as  one  of 
the  moft  extraordinary  in  the  analyfis,  fupplied  them 
-  with  a  charailer  of  this  animal  matter;  and  it  is  a  faft 
BOW  well  afcertaincd,  that  uree  diflblved  in  the  fame  wa- 
t»r  with  the   two  muriats  changes  their  natural  form  by 
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combining  With  each,  and  penetrating  the  lamina  of  their 

cryftals. 

Although  the  chemical  examination  of  uree  is  at  pre-  Recapitui^- 

c  -111  •  titn. 

lent  very  mcomplete,  and  only  comprehends  it's  ana- 
lyfis,  without  the  leaft  attempt  at  the  fynthefis,  it  re- 
mains to  colle6l  in  a  rapid  point  of  view  the  properties  it 
prefented,  and  the  means  they  afforded  of  determining 
it's  nature,  the  proportion  of  it's  principles,  and  a  com- 
parifon  with  other  animal  fubftances. 

A.  A  fhining  cryftallized  mafe  compofed  of  yellowifli- 
lamellce  or  tablets  contracted  in  the  centre,  or  of  grains 
united  and  condenfed;  it's  deliquefcent  parts  always 
brown ;  an  immediate  feparation  from  ftrongly  evapora- 
ted urine,  on  cooling,  or  from  alcohol,  containing  it  and 
limilarly  evaporated  and  cooled;  a  garlic  urinous  odour, 
of  an  infupportable  fetidity,  weakening  thcifewho  are  for 
fome  time  expofed  to  it ;  a  ftrong,  penetrating,  and  fharp 
favour;  adhering  to  the  veflels  which  contain  it,  and  fo 
hard  as  to  be  cut  with  difficulty  ;  fuch  are  the  phyfical 
properties  which  characterize  and  diflinguifti  it  from 
other  animal  fubftances. 

B.  Quick  fufion,  rapid  intumefcence  by  fire,  volati- 
lization, and  difagreeable  odour  on  being  ftrongly  heated, 
eafy  deftrudibility  by  diftillaiion  on  the  open  fire,  enor- 
mous production  of  carbonat  of  ammonia,  exceeding 
two  thirds  of  it's  weight,  conftant  veftiges  of  pruffic  acid, 
very  little  carbon,  muriat  of  ammonia  forming  more  than 
one  fixth  of  it's  mafs,  and  fome  hundredths  <mi I y  of  ben- 
zoic acid;  fuch  is  the  manner  of  it's  decompofition  by- 
heat,  which  places  urea  in  an  order  of  fubftances,  of 
which  no  other  analyfis  by  fire  has  given  an  example. 

C.  So  ftrong  an  attraction  for  water,  which  it  imme- 
diately takes  from  the  atmofphere,  as  to  become  foft  and 
melt  on  it's  furface  ;  a  clammy  and  firupy  ftate,  with  a 
deep  brown  colour,  owing  to  this  deliquefcence,  fo  that 
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the  difference  between  this  honeylike  portion,  and  the 
cryftalhzed  portion  beneath,  might  inchne  a  perfon  to 
think  them  not  the  fame  ;  rapid  folution  in  fmall  quanti- 
ties of  water,  it's  various  colour  according  to  the  propor- 
tion of  water,  from  a  rcddifh  brown  and  almoft  black,  to 
a  lemon  or  flightly  orange,  which  imitates  at  the  will  ot 
the  chemift  every  poflibic  urine,  from  the  palefl;  to  the 
highcll  coloured  ;  decompofition,  convcrfion  into  carbo- 
iiat  of  ammonia  by  hot  water  even  before  ebullition,  pro- 
vided it's  a6lion  be  long  continued  ;  thefe  feries  of  phe- 
nomena give  urei  a  very  difiinft  place  amongrt  anima- 
lized  lubltanccs. 

D.  Very  Itrong  fermentation,  when  it's  very  diluted 
folution  in  water  is  mixed  with  an  animal  gelatinous  or 
albuminous  fubfthncej  fcarcely  any  when  alone,  and 
without  any  animal  matter  that  can  ferve  as  a  ferment ; 
formation  of  carlxMiat  and  acetite  of  ammonia,  products 
of  this  fpecies  of  putrid  fermentation,  fource  of  the  rapid 
putrelaclion  of  urine,  of  the  noifome  odour  it  difiufes, 
and  of  the  various  fpecies  of  changes  the  different  matters 
it  contains  imdergoes ;  thefe,  as  well  as  the  preceding 
chara6lcrs,  likcwife  fcrvc  to  determine  the  nature  and 
properties  of  uree. 

E.  Slow  converfion  into  acetous  acid  and  ammonia, 
by  the  fulplmric  acid  aided  i)y  licat  ;  fudden  precipita- 
tion by  ftrong  nitrous  acid  from  it's  concentrated  folia- 
tion into  fhining  lamellated  and  filkylike  cryftals  ;  flow 
decompofition  ;  almoft  perfe(i  fufion  into  carbonic  acid 
and  azot  gas,  extremely  abundant,  and  which  are  difen- 
gao-ed  for  a  long  time  bv  the  a6lion  of  the   weak  nitric 

DO  D  . 

acid,  aflifled  by  a  gentle  heat;  decompofition  into  ammo-. 
Ilia  and  carbonic  acid  by  oxygenated  muriatic  acid,  and  fo- 
lution and  prefervation  by  the  common  muriatic  acid, 
which  fliovv  it  to  be  a  verv  dilTerent  compofition  from 
other  aniftial  matters. 
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F.  LafLly,  rapid  folution  by  potafli,  and  converfioii 
into  carbonat  and  acetite  of  ammonia,  by  the  united 
aftion  of  a  weak  heat;  and  of  fixed  alkali  ;  intimate 
imiou  with  the  niuriat  of  foda,  the  cubical  form  of  which 
it  changes  to  the  oftoedral,  and  vice  verfa,  with  the 
muriat  of  ammonia  J  thefe  leave  no  doubt  on  the  pecu- 
liar nature  of  uree. 

The  remarkable  differences  which  uree  has  prefented 
during  it's  analyfis  are  manifellly  owing  to  the  great 
quantity  of  azot  it  contains,  but  to  liave  a  fatisfa6^ory 
knowledge  of  it's  nature,  it  is  neceflarv  to  determine 
the  proportion  of  it's  different  principles.  With  this 
view,  it  has  been  found,  that  the  produ^ls  of  it's  dif- 
tillation  anfwtrred  to  the  refults  of  the  other  kinds  of  it's 
decompofition. 

It  has  been  before  obferved,  that  288  parts  of  uree  Component 
afforded  by  means  of  heat  200  parts  of  carbonat  of^"'^^*^' 
ammonia,  ten  parts  of  carbonated  hydrogenous  gas, 
and  feven  of  a  coaly  refidue,  which  with  three  parts  of 
lofs,  left  68  for  the  muriats  of  ammonia  and  of  foda,  and 
benzoic  acid,  matters  which,  although  thev  conftantly 
accompany  this  fnbftance,  thofe  chemids  regard  as  fo- 
reign to  it's  nature.  Hence  it  is  neceffary  to  reduce 
288  parts  of  uree  extrafVed  from  mine  by  evaporation, 
and  it's  treatment  by  alcohol,  to  217  of  real  urinary 
matter,  200  of  which  are  converted  into  carbonat  of 
ammonia,  ten  difengagcd  in  the  form  of  carbonated  hy- 
drogenous gas,  and  ten  of  fixed  coaly  refidue.  Now 
200  parts  of  carbonat  of  ammonia,  fublimed  and  cryf- 
tallizcd,  being  formed  of  go  of  carbonic  acid,  SG  of 
ammonia,  and  24  of  water,  and  each  of  thefe  three  uri- 
nary compofitions  being  reduced  to  it's  conilituent  prin- 
ciples, it  follows,  on  adding  to  the  carbon  of  the  carbo- 
,nic  acid  the  coaly  relidue,  with  the  addition  of  the  three 
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quantities  of  hydrogen  contained  in  the  ammonia,  in  the 
water,  and  dilengaged  in  gas,  as  well  as  that  of  the 
oxygen  forming  part  of  the  water  and  carbonic  acid, 
that  the  217  parts  of  uree  really  contain  85,2  of  oxygen, 
69,4  of  azot,  32,2  of  carbon,  and  30,2  of  hydrogen; 
which  make  vcrv  nearly  for  the  100  parts  of  this  animal 
matter  39,5  of  oxygen,  32,5  of  azot,  i4,7  of  car- 
bon, and  13,3  of  hydrogen.  It  is,  however,  to  be  ob- 
fcrved,  that  of  the  39I  of  oxygen  there  are  about  1 1,0, 
which  belong  to  the  water  perfeftly  formed,  as  well  as 
two  of  hydrogen,  fo  that  the  azot  is  the  predominant 
principle  of  uree,  both  as  to  the  phenomena  it  prcfents, 
and  in  the  proportion  of  it's  conftiluent  principles ; 
hence  the  long  effeiv-efcence  it  makes  with  the  nitric 
acid,  and  the  quantity  of  ammonia  it  affords  in  every 
fpecies  of  it's  decompofition  ;  and  although  the  hydrogen 
is  in  fmall  quantity,  it  is  more  than  fiifficient  to  the 
formation  of  ammonia,  and  the  excefs  is  difengaged  in 
a  free  ftate,  carrying  with  it  a  little  carbon,  rather  than 
enter  into  an  oily  combination,  becaufe  the  carbon  finds 
a  fufficient  quantity  of  oxygen  for  combuftion  j  thus 
there  c6n  be  no  oil,  and  in  reality  only  a  few  flight 
traces  of  it  are  to  be  fecn  in  the  diftillation  of  uree. 
Thefe  circumftances  prove  it  to  be  a  compofition  ready  to 
pafs  into  the  ftate  of  carbonat  of  ammonia  whenever  the 
equilibrium  of  it's  parts  is  the  leaft,  broken,  and  to  be  de- 
llroyed  by  the  fmalleft  efforts, 
ifs  utility  -^  knowledge  of  the  properties  and  nature  of  uree  na- 
confidered    turallv  Icads  to  cndcavour  to  find  out  the  influence  it  may 

in  a  patho-  .  .  .  ■' 

logical  \ie\v.  have  in  the  animal  ceconomy,  and  in  the  theory  and  prac- 
tice of  the  chemical  arts,  in  which  urine  is  employed. 

The  greater  part  of  phyfiologifts  have  looked  upon 
mine  as  a  faline  lixivium,  as  the  natural  evacuation  of  the 
falts  introduced  into  the  fyftom  with  the  aliments,  or  form- 
ed by  the  a£lions  of  life.  Bocrhaave,  however,  regarded 
urine  as  an   excretion  of  much  more   importance   than 
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merely  carrying  away  fimple  faline  matters^  he  announced 
it  to  be  a  means  of  expelling  the  portion  of  our  humours 
tending  to  putrefa6lion,  and  diTpofed  to  bring  the  others 
into  the  fame  feptic  decompofition ;  but  this  beautiful 
idea  of  the  Leyden  profeflbr  was  not  attended  to. 

The  difcovery  of  uree   by  Fourcroy  and  Vauquelin, 
confirming  in  fome  refpedts  the  firft  idea  of  Boerhaave, 
corre6ling  at  the  fame  time  the  falfe  notion  of  an  animal 
oil  which  he  had  conceived,  affords  a  more  exa6l  expli- 
cation of  the  urinary  evacuation.     It   appears  to  be  an 
excrement  of  a  peculiar  nature,  and  very  different  from 
any  of  the  others.     The  great  quantity  of  azot  it  con- 
tains evidently  confirms  it  to    be  an  evacuation  of  tliis 
principle,  and  in  this  refpeft,  the  kidneys  may  be  looked 
upon  by  the  phyfiologifts  as  the  excretory  organs  of  the 
azot,  in  the  fame  manner  as  the  lungs  are  of  the  carbon 
and  the  liver  of  the  hydrogen.     Until  this  difcovery,   the 
way  was  unknown  by  which  this  principle  wae  evacu- 
ated, which  from  it's  prefence  dillinguiflies  and  charac- 
terizes the  animal  parts,  and  confequently  is  fo  apt  to  be 
fuperabundant  in  the  body.     The  myftery  is  now  unra- 
velled.    This  azotic  matter   is  feparated  from  the  blood 
carried  by   the   renal  arteries,  by  which  means  the  vital 
riuid,   on    lofing   the   fuperabundance  of  this   principle 
preferves  the  equilibrium  of  it's  compofition  fo  neceffary 
to  it.     One  of  the  moil  remarkable  properties  of  uree 
beino;  the  formation  of  ammonia,  and  this  beino  one  of 
the    moft  chara6leriftic  produfts  of  putrefadlion^   it  is 
natural  that  Boerhaave,  who  obferved  this  abundant  am- 
moniacaJ  produ6tion  in  urine,  (hould  have  looked  upon 
this  liquor  as  charged  with  a  matter  extremely  putref- 
cent,   and  as  conveying  out  of  the  body  the  caufe,  which 
if  fuffered  to  remain  too  long  a  time  would  be  produ6tive 
of  a  feptic  decompofition.     Although  there   is  no  pofi- 
tive  experiment  on  the  fubjed,  it  is  very  probable  ac- 
£  £  4 
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cording  lo  tliefe  chemifts,  that  when  the  uree  is  not  fe- 
parated  from  the  blood,  the  excefs  of  it's  elements,  and 
cfpccially  of  the  azot  in  our  humours,  is  very  capable 
of  giving  rife  to  difeafes,  and  particularly  thofe  of  a  -pu- 
trid kind,  lince  the  prefent  knowledge  of  chemiflry  at- 
tefls  that  organic  bodies  are  more  rufceptible  of  putrc- 
ta6lion  according  to  the  quantity  of  azot  they  contain, 
from  the  multiplied  attractions  it's  prefence  produces  in 
their  component  parts. 

This  funftion  of  the  kidnevs  to  deazotize  in  fomc 
meafure  the  humours,  and  perhaps  even  the  folids  of  the 
body,  demands  the  attention  of  phyficians  ;  for  tiic  urine 
may  be  looked  upon  in  future,  not  only  as  an  evacuation 
of  the  fuperabundant  phofphats,  but  of  a  matter  very 
much  difpofed  to  the  putrid  ammoniazation ;  and  it  may 
be  of  confequence  lo  be  able  to  determine  the  propor- 
tion and  the  ftate  of  the  urce  in  thisexcrementitial  liquid  ; 
10  eftimate  it's'  different  quantities,  and  it's  nature  in 
different  difeafes  ;  to  determine  more  particularly  the  fpe- 
citic  gravity  of  the  urine,  where  theuree,  five  or  fix  times 
greater  in  quantity  than  all  the  other  falls  which  this 
Huid  holds  in  folution,  has  the  greateft  influence;  to  feck 
in  the  degree  of  colour  the  proportion  of  this  fubllancc  ; 
to  analyze  it  where  this  matter  appears  to  be  entirclv 
wanting,  as  in  hvfteric  or  hypochondriac  difeafes,  and 
convuHive  and  nervous  affe6lions,  and  where  it  is  more 
abundant  than  ulual,  as  at  the  end  of  fome  fevers,  in 
difeafes  of  the  liver;  and  laftiy,  to  examine  it's  relations 
with  the  uric  acid,  a  great  abundance  of  which  Schecle 
liad  obferved  in  urine  at  the  time  of  a  crifis.  Refearchcs 
like  thefe  may  be  very  important  in  the  folution  of  many 
phenomena  relating  to  pathology,  which  at  prefent  are 
not  to  be  explained,  although  thefe  two  chemifts  have 
made  the  attempt.  It  is  their  opinion,  that  when  urine 
remains,  too  long  in  the  bladder,  as  in  retention,  it  con- 
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tra(5ls  an  ammoniacal  acridnefs,  which  is"  manifeft  from 
it's  ftrong  fetid  odour,  and  brown  colour  on  being  eva- 
cuated by  art ;  that  it  is  to  this  formation  of  ammonia 
the  infupportable  pain  is  to  be  attributed  which  thefe 
patients  often  experience;  and  tliis  is  proved  by  the  in- 
je^lion  of  water  llightly  impregnated  with  ammonia  into 
the  urinary  canal,  an  experiment  which  Dr.  Swediaur 
found  to  be  a  good  imitation  of  the  blennorrhagia  from 
the  irritation  and  mucous  fecretion  it  excited. 

In  old  people,  where  the  lenfibility  and  irritability  of  the 
fibres  of  the  bladder  are  weakened,  and  who  often  die  in 
confcquence,  the  urine  which  remains  too  long  a  time 
becomes  in  the  fame  manner  ammoniacal  and  fetid  ;  it 
flows  in  a  turbid,  vifcous  and  ropy  ftate,  from  the  gela- 
tinous mucilage  which  the  addition  of  ammonia  feparaled 
from  the  acid  that  holds  it  in  folution  in  the  natural 
ftate.  The  fime  phenomena  fometimes  take  place  in 
the  pains  and  urinary  ftoppage  occafioned  by  the  prc- 
fence  of  a  calculus  in  the  bladder.  The  urine  after  cal- 
culous tortures  is  often  rendered  thick.,  and  in  fome  points 
glairy  as  glue,  the  chemical  effedt  of  the  ammonia 
formed,  and  of  the  feptic  change  the  uree  has  already 
undergone  in  the  bladder.  The  fame  happened  with 
three  calculous  patients,  to  which  thefe  two  chemifts 
had  adminiftered  by  inje6lion  a  very  diluted  folution  of 
potalli;  the  urine  flowed  glairy,  and  fo  loaded  with 
flocks  as  fometimes  to  ftop  the  catheter.  Foiir  patients 
with  the  gravel,  for  which  thcv  took  for  feveral  davs  a 
few  drops  of  lye  of  potafli  in  fome  linfeed  water,  had 
their  urine  rendered  equally  thick  and  ropy  from  the 
action  of  the  alkali  upon  this  liquid. 

With   refpetl  to   the  application   of  the  difcovery  of  it's  ap'^u- 
iirle   to  the  arts,  it  maybe  divided  into   four  principal  """"'"'''* 
parts.     1.  The  artificial   formation    of  nitre.     2.     Th« 
•mployment  of  urine  in  the  protcfs  offcouring  woollens. 
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3.  The  extra^lion  of  ammonia.  4,  The  extra£lion  of 
muriat  of  ammonia  from  it. 
^  J  ,  1 .  Manufa6larers  of  faltpetre  have  long  ago  obfervcd,  that 
i)ig  nitre,  fpft  (lOne,  arable  ground,  earth  impregnated  with  urine, 
foon  became  loaded  with  this  fait :  hence  they  preferred 
materials  of  this  nature  to  all  others.  Thus  in  Switzer- 
land and  Sweden  the  urine  of  cattle  is  made  ufe  of  in 
tjhe  formation  of  faltpetre,  and  in  feveral  artificial  nitre 
manufactories  in  France,  the  earthy  mixtures,  and  the 
relics  of  vegetables  and  animals  for  that  purpofe,  are 
moiftened  with  urine;  from  which  it  is  evident,  that  this 
liquid  contributes  to  the  formation  of  the  nitric  acid, 
from  the  confiderable  quantity  of  azot  that  enters  into  the 
compolition  of  ure^,  one  of  it's  properties  not  to  be  ex- 
c-eeded  by.  any  other  natural  fubftance.  The  contact  of 
the  atmofpheric  oxygen,  and  of  feveral  vegetable  mat- 
ters, appears  to  prevent,  in  the  making  of  faUpetre,  the 
formation  of  ammonia  in  uree,  and  to  determine  that  6f 
the  nitric  acid. 
2  Scojring  ?■  The  ancients  made  much  more  ufe  of  urine  in 
'^  °^  ^-  -  cleaning  woollen  fluffs,  particularly  white  ones,  than  the 
rooderns  ;  and  it  appears  that  for  this  purpofe  it  was  ne* 
ceflary  to  keep  it  a  longer  or  fliorter  time  before  it  was 
ready.  It  was  anciently  colle6ledin  Rome,  as  mentioned 
by  Pliny,  Martial,  Macrobius,  &c.  for  the  ufe  of  fcour- 
e.ps,  who  were  obliged  to  refide  either  in  the  fuburbs  or 
in  fome  of  the  frequented  ftreets,  from  the  nuifance  the 
putrid  urine  occafioned.  According  to  Suetonius,  the 
emperor  Vefpafian  put  a  tax  upon  it,  as  his  hiftorians 
tgll  us,  tirtna  veiiigal  commentus  ejl :  it  continued  two 
centuries,  till  the  time  of  Anaftafius  ;  and  we  read  alfo 
of  veSl'gal  pro  urina  jumcntorum  et  camim^  which  was  cx- 
aded  from  every  perfon  who  kept  cattle.  It  is  collefted 
for  the  cloth  manufafturers  at  Leeds,  Halifax,  &cc.  un» 
•Itr  the.  name  of  oldlant. 
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Every  thing  proves  that  the  putrid  urine  thus  ufed 
a*$led  by  the  ammonia  that  was  formed,  and  that  it  was 
preferable  to  fixed  alkalis,  as  they  were  known  to  change 
the  texture  of  the  wool,  whilft  ammonia  does  not  fen- 
iibly  affect  either  it's  ftrength  or  it's  nature. 

3.  The  art  of  extracting  the  ancient  volatile  falt^  or  ths  Mnking  of 
carbonat  of  ammonia  fublimed  from  urine,    has   h^gr.  ammoma,    - 
long  known.     It  was  pra6lifed  towards  the  end  of  the 
feventeeth  century;  and  the  theory  is  well  explained  from 

a  knowledge  of  the  nature  of  urine.  It  is  well  known 
to  afford  it  in  large  quantity  after  putrefa6lion  ;  but  it  is 
neceflary  to  remark,  on  it's  ammoniacal  converlion,  that 
when  urine  has  been  ftrongly  evaporated,  and  to  drynefs, 
it  no  longer  gives  fo  much  carbonat  of  ammonia  by  fer- 
mentation, even  if  the  fame  quantity  of  water  be  added 
as  exifted  before.  This  arifes  from  the  feparation  and 
deftruAion  of  a  gelatinous  or  albuminous  animal  mat- 
ter during  the  evaporation,  which  before  ferved  it  as  a 
ferment,  and  enforced  the  formation  of  the  ammonia ; 
whilft  abandoned  alone,  and  without  a  ferment  to  it's 
fpontaneous  decompofition,  the  uree  which  undergoes 
It  difficultly  and  flowly,  in  part  paffes  to  the  (late  of  aee- 
tous  acid,  which  diminifhes  in  proportion  to  the  quantity 
of  ammonia.  Hence  the  great  advantage  of  letting  the 
urine  become  putrid,  inftead  of  evaporating  it  when  freflx 
in  order  to  obtain  the  carbonat  of  ammonia. 

4.  Laflly,  the  extraction  of  muriat  of  ammonia,  al-  ,  gxtraa- 
though  fome  chemiRs,  and   efpecially   Rouelle,  junior,  o"  of  muriat 
nearly  denied  the  exiftence  of  it  in  human  urine,  having  nia. 
been  concealed  by  the  cubic  form   which  the  urea  gave. 

it.  This  is  eafily  feparated  from  the  refiduum  after  the 
urine  is  advanced  in  putrefaftion,  by  means  of  heat, 
being  found  almoft  in  an  ifotated  ftate ;  befides,  the  ufe 
of  carbonat  of  ammonia,  fo  abundantly  furniflied' by 
this  fermented  liquor;  in  decompoiing  earthy  muriats. 
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may  beconfidered  as  fingularly  increafing  this  produftion 
of  ammoniacal  muriat,  and  in  this  refpe»Sl  the  natural 
decompofition  of  uree  or  yrine  is  one  of  the  moft  ricli 
and  ufeful  materials  in  the  nianufa6lures  of  falts. 


URINE  OP  THE  HOKSE^   Scc. 

Urine  of  the      Jt  Is  a  verv  peculiar  fa6V,  and  firfl:  announced  bvRouellc, 
horfe.  ... 

that  the  urine  of  animals  which  feed  on  vegetables  con- 

'  tain  no  phofphoric  acid,  but  a  much  greater  quantity  of 

extratlive  matter  than  the  human.  Giobert,  on  the  con- 
trary, affirms  that  the  urine  of  horfes  is  nearly  as  proper 
for  the  making  of  phofphoru?  as  the  human  ;  but  he 
has  not  fupported  his  aflfertion  bv  anv  pofitive  experi- 
ment, and  Fourcroy  has  proved  tliat  the  acid  which  fup- 
plies  the  place  of  the  phofphoric  is  the  benzoic. 
Examined  According  to  Tlouelle,  the  urine  of  the  horfe  has  a  pe- 
y  "^'-  *^-  culiar  fmell,  approaching  very  much  to  that  from  the 
cow.  It  is  in  general  turbid,  eitl>er  when  firft  voided, 
or  a  little  after;  expofed  to  the  air,  it  foon  becomes  co- 
vered with  an  earthy  pellicle,,  which,  v  hen  broken,  falls 
to  the  bottom,  and  is  fuccceded  by  another  that  con- 
tinues fevera!  days  ;  twelve  pints  of  urine  often  afford  fix 
or  feven  oimces  of  this  pellicle.  This  uiine  is  very  pitui- 
tous,  which  quality  it  lofes  on  being  boiled. 

It  always  changes  the  blue  of  violets  to  a  green,  and 
both  the  mineral  and  acetous  acids  eflervefce  with  it. 
The  foapv  extra«I^  is  in  large  quantitv,  the  extra6live 
matter  is  much  greater  in  quantity  than  in  the  human, 
and  that  of  the  cow,  and  is  black.  This  chemift  cx- 
tra<5led  neither  muriat  of  ammonia,  nor  phofphoric  fait 
from  it,  but  like  thofc  of  the  cow  and  camel,  he  obtain- 
ed the  digeftive  fait  of  Sylvius,  vitriolated  tartar,  and  cal- 
careous earth,  vhicli  he  converted  into  lime. 
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The  urine  of  the  horfe  has  been  examined  by  Fourcroy  ByPouicioy 
and  Vauquelin  j  they  found  that  it  contained  a  great  quan-  <^'ueii„. 
tity  of  bcnzoat  of  foda,  combined  with  an  oily  matter  ap- 
proaching to  a  refin ;  that  the  nitric  acid  precipitated 
fome  white  filky  cryftals  from  it's  alcohohne  fokition, 
the  nature  of  which  is  unknown  ;  and  that  this  urine  is 
compofed  of 

0.01 1  of  carbonat  of  lime,  held   in    folution   by   the 

carbonic  acid. 
0.009  of  foda. 
0  024  of  benzoat  of  foda, 
0.009  of  muriat  of  potafii. 
0,007  of  a  peculiar  animal  or  vegetable  matter. 
0.940  of  water,  mucilage,  but  no  lithic  acid. 
The  urine  of  the  cow,  when  frefli,  has,  according  to  u  line  of  the 
Houelle,  a  very   ftrong  peculiar  fmell,  ii  has  in  general  camel. by 
little  colour,  but  becomes  deeper  on  being  kept  °,  it  has  ^""^'^^-^ 
then  nearly   the  beautiful  amber   colour  of  the  human. 
It  is.  often  turbid  as  well  as  that  of  the  camel,  from  the 
quantity  of  matter  it  contains  beyond  the  point  of  fatura- 
tion.     It  changes  the  firup  of  violets  green,  and  if  expof- 
ed  twenty  four  hours   to  the   air,  very  fingular  cryftals 
are  formed  on  the  furface  ;  it  effervefces  with  acids  from, 
the  free  vegetable   alkali   it   contains  -,  the    volatile  and 
fixed  alkalis  have  no  effeft  upon  it.     It   contains  the  fa~ 
ponaceous  and  extractive  matters  like  the  human,  but 
the  firfl:  affords  more  oil  and  no  muriat  of  ammonia,  the 
remainder  is  alkaline,  and  effervefces  ftrongly  with  acids, 
\vlilch  is  not   the  cafe  with  the  human  ;  with  refpe6l  to 
the  fecond,  it  is  more  abundant,  and  on  analyfis,  affords 
the  fame  as  the  firlt,  viz.  volatile  and  fixed  alkalis. 

The  fame  chemift  obtained  from  the  urines  of  the  cow 
and  camel,  which  refemble  each  other  in  many  points. 
Sir  iTQ^  ve£;etable  alkali,  vitriolated  tartar,   digeftive  fait  of 
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Sylvius,  but  no  phofphoric  fait,  at  lead  he  could  obtain 
none  by  the  ordinary  methods. 

He  alfo  got  from  the  urine  of  the  cow,  not  conftantly, 
but  at  three  difiercnt  rimes,  a  volatile  acid  fait  in  fmall 
needles,  or  very  light  lilvery  iliining  leaflets,  which  fub- 
limed  like  the  flowers  of  benzoin,  and  refembled  them  in 
tafl:e.  It  is  little  foluble  in  water,  but  very  much  fo  in 
alcohol  and  ether.  It  changes  the  firup  of  violets  to  a 
beautiful  red  colour,  unites  to  fixed  alkali  with  effervef- 
cence,  and  is  either  decompofed  or  difappears  from  pu- 
tridity, (ince  putrid  urine  never  afforded  this  fait. 


SWEAT. 


A  great  analogy  has  been  found  to  exift  between  thft 
fluid  emitted  by  cutaneous  perfpiratiou  and  urine,  and  it 
has  been  obferved,  thefe  excretions  mutually  anfwer  the 
famepurpofe  in  many  cafes,  and  we  are  therefore  natural- 
ly led  to  confider  this  Vaporous  fluid  as  of  the  fame  nature 
as  urine.     Phyficians   have  found  that   it's  qualities  are 
fubjeft  to  variarion  ;  that  H's  odour  is  faint,  aromatic  ; 
that  it  is  alkaline,  four  ;  that  it's  confiftence  is  fometimes 
glutinous,  thick,  tenacious  ;  that  it  leaves  a  refidue  on 
the  Ikin,  and  that  it  often  tinges  linen  with  various  (hade* 
of  yellow.     Very  few  chemical   experiments  have  been 
made  upon  this  fluid  ;  Berthollet  affirms,  that  it  reddens 
blue  paper,  and  that  this  t-fleft  is  produced  more  particu- 
larly from  that  which  is  procured  on  thofe  parts  aflfefted 
with  gout.     Rethinks   it  contains  the  phofphoric  acid; 
arjd  Henckel  faw  a  pcrfon  whofe  body  during  perfpiration 
was  become  phofphorcrcL;nt. 

Pliny's  Natural    Hiftory. — Macquer's    Wcerterbuch 
von  Leonhardi.  art.  Ham. — Fourcrov's  Elements,  vol. 
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4.  Engliih  Tranfl.  art.  Urine.  1788.— Haller'sEiementa 

Phvs.  art.  Urina.' — Rouelle  in  the  Journal  de  Med.  torn. 

40.  Nov.    1773. — Encyclop.  Method.  Chimie.  torn.  1. 

p.  204.  art.  Acide  Ouretique. — Sur  le  Sel   fufible  entiere 

€xtrait  de  I'Urine  humaine,  par  M.  Fourcroy.   An.   de 

Ch.   torn.  7.    p.    183.  —  Prouft  in  Rofier's  Journal   de 

Phys.  17S1. — Klaprothueber  die  Natur  des  Prouftifchen 

fogenannten  Perlfaltzes,  in  Crell's  Chem.  An.  1783. — 

Eerthollet  fur  TAcide  Phofphorique  de  I'Urine,  in   the 

Mem.  de  TAcad.    de   Paris.    1780.  —  Memoire  fur  J.a 

Nature  dc  Rachitis.   An.  de  Ch.   p.    113.  torn.  18. — 

Gaertner.  vide  ibid.  No.   7i.  p.    170, — Halle  Obfervat. 

fur  les   Phenom.   et  Variat.  qui  prefente  T  Urine  confi- 

deree  dans  I'Etat  de  Sante,  Me'm.  de  I'Acad.  p.   46g. 

1779- — Brugnatelli  ueber  den  Bodenfatz   des  Harnes  in. 

Crell's  Chem.  Annalen.  An.   1787. — Experiments  and 

Manner  of  diftinguifliing  feveral  Difeafes  by  the  Urine, 

by   Mr.   Cruickfliank,  Philofoph.   Mag.  No.    7.   Dec. 

1798. — Memoire  pour  fervir  a  rHiftoire  Naturelle  Chi- 

mique  et  Medicale  de  I'Urine  humaine,  8cc.  par  les  Cits. 

Fourcroy  et  Vauquelin.  An.  de  Chim.  p.  80-  No,  S4. 

&  p.  113,  No.  95. 
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F.'FXES. 

Tut  faeces  not  only  vary  in  their  confidence  in  differ- 
ent animals,  but  even  in  the  fame  animal  at  different 
times,  and  this  variety  is  found  to  pafs  through  all  the 
degrees,  from  a  fluid  ftate  nearly  to  a  firm  foliditv.  The 
Then- great  colour  is  equally  variable:  in  man  it  is  more  or  lefs 
-''"y-  yellow  J  in  quadrupeds,  as  the  horfe  and  cow,  it  is  a  dark 
green  ;  in  the  pig  it  is  grayifh  j  in  the  dog  it  is  fometimes 
white,  at  other  times  black ;  in  fome  kinds  it  is  white 
like  chalk,  as  in  thofe  particularly  that  live  by  fudlion, 
viz.  the  woodcock  and  fnipe;  in  fome  infe6ts  it  is  red,  as 
the  bug  and  flea,  whilfl:  in  others  it  is  green. 

The  odour'alfo  is  various.  It  is  generally  more  or  lefs 
fetrd,  but  in  the  cat  it  is  extremely  fo,  and  more  fo  in 
the  carnivorous  than  graminivorous  animals ;  whilft  in 
thofe  of  fome  animali-  there  is  fcarcely  anv  fmell. 

Since  the  fasces  are  the  refufe  of  the  food,  by  whicli 
animals  are  fupported,  it  is  natural,  however,  to  fuppof^ 
that  thefe  differences  mufl  arife  from  the  nature  and  pro- 
perties of  the  food  the  animal  takes  in ;  and  this  diftbr- 
«;nce  of  food  will  equally  have  an  influence  on  them  when 
fubmitted  to  chemical  aualyfis.  With  refpeft  to  their 
colour,  it  generally  arifes  from  a  portion  of  bile  they 
contain;  and  as  to  their  fetid  odour,  Fourcroy  is  of  opi- 
nion it  arifes  from  the  conuncncement  of  a  putrefac- 
tion, which  already  takes  place  during  their  paflage 
through  the  intcdincs,  although  fome  chcmills  will  nut 
allow  of  any  fuch  putrefa6lion. 

Some  of  the  old  alehemifts  had  an  Idea  that  the  philo- 
fopbef's  Itone  was  concealed  in  animal  fcfices,  and  on 
t^us  account,  many  txperiments  have  been  made,  parii- 
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cularlv  upon  the  human,  and  thofe  of  quadrupeds ;  but 
from  the  great  obfcuritv  that  is  thrown  over  their  wri- 
tings, nothing  fatisfa6lory  is  to  be  learned  from  them. 
The  only  chemift,  according  to  Macquer,  who  has  in- 
veftigated  the  nature  of  human  faeces,  is  Ilomberg,  and  Human. 
this  impleafant  operation  he  undertook  for  the  fatisfa6lion 
of  a  friend,  who  affirmed,  that  a  white  oil,  of  no  un- 
pleafant  odour,  was  to  be  extra6led  from  them,  which 
poflefled  the  valuable  property  of  fixing  quickfilver  in 
fach  a  manner  as  to  be  converted  into  filvcr.  Homberg 
found  the  oil,  but  it  had  no  fuch  effecl  on  quickfilver. 

Frefti  human  faeces,  diftilled  on  a  water  bath,  even  to 
drynefs,  afforded  nothing  but  an  aqueous,  clear,  taftclefs 
fluid,  of  a  dlfagreeable  fmell;  no  volatile  alkali,  how- 
ever, appeared,  although  it  had  approached  to  a  putrid 
ftate,  whilft  putrid  fubflances  always  afford  it  at  the  fame 
teat. 

The  dry  refidue,  on  increafing  the  heat  by  degrees, 
gave  a  volatile  alkaline  fpirlt  and  fait,  a  ftinking  oil  and 
a  carbonaceous  portion  remained,  confequently  the  lame 
fubftances  as  other  animal  matters. 

The  fame  fort  of  fgeces  lixiviated  with  water,  filtered 
and  evaporated,  afforded  an  oilv  nitrated  fait,  which 
fufed  on  red  hot  coals  like  faltpetre,  and  heated  to  a  cer- 
tain point  in  clofe  veffels,  inflamed.  Putrid  excrements 
gave  an  oil  without  colour  or  fmell.  To  tliis  i*  mav  be 
added,  that  the  fscal  matter  which  Homberg  analyzed^ 
was  from  a  perfon  who  had  been  fed  on  cnarfe  bread,  and 
Champaignc  wine. 

We  learn  from  Haller,  that  the  human  fajces  contain 
a  fmall  quantity  of  acid,  which  is  found  in  greater  abun- 
dance in  the  ruminating  clafs  ;  and  Brugnatelli  fpeaks  of 
an  acid  exifting  in  the  fasces  of  carnivorous  birds  ;  thofe 
©f  the  dog,  however,  contain  none  of  it.  Thofe  of  ru- 
minnting  animals   likewife    effervefce    with  th^   nit^-ous 
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aciJ,  v\hich  is  produced  in  a  much  ftrongcr  degree  with 
the  faeces  of  the  dog,  hen,  and  pigeon.  In  fomc  coun- 
tries it  is  not  uncommon  to  make  ufe  of  pig's  dung  in- 
ftead  of  foap. 


MECONIUM. 


This  is  the  rnnttcr  contained  in  the  inteftines  of  the 
foetus,  that  has  not  refpircd,  and  which  is  rendered  by 
infants  a.  few  hours  after  their  birth.  It  is  particularly 
found  in  the  large  inteftines,  in  the  duodenum,  and  even 
in  the  ftomach  ;  it  is  fometimes  in  confidcrable  quantity, 
ft  is  confequently  the  firft  excrement  that  is  formed,  and 
it's  origin  has  been  almoft  always  attributed  to  the  bile. 

It  is  of  a  brown,  grcenifli  brown,  or  black  colour,  of 
the  confiftence  of  liquid  honey,  or  pretty  thick  firup,  is 
vifcous  and  ropy.  It  is  generally  without  any  odour  or 
favour,  but  fometimes  it  is  (lightly  fetid. 

Bordeu  appears  to  have  been  the  firft  who  has  particu- 
larly attended  to  the  meconium  ;  he  has  inferted  into  hi? 
medicinal  analyfls  of  blood  the  examination  of  this 
matter,  made  by  Bayen  and  Deleurye,  and  it  is  from 
this  article  that  Fourcroy,  in  his  Syjieme  des  conna'ijfances 
chlmlqiies,  has  colle^led  his  materials  for  this  fubjeft,  of 
which  the  following  is  an  account. 
'Examined  According  to  Bordeu,  the  meconium  is  commonly 
y  "^  *"•  without  any  odour,  but  fometimes  it  has  a  dlfagreeable, 
earthy,  mouldy  fmcll ;  it  is  black  in  the  large  inteftines, 
and  greenifli  in  the  others ;  it  is  more  of  a  mucous  than 
oily  nature,  appearing  to  him  to  be  uninflammable ;  there 
is  no  predominant  mark  of  acidity  or  alcalefcency ;  it 
has,  however,  a  faponaceous  chara6ter,  being  both  fo- 
luble  in  water,  and  in  alcohol,     He  looks  upon  it  as  a 


EXCREMENTS.  435 

flcrcoral  matter,  as  the  firft  attempt  of  the  aclion  of  the 
inteftines. 

After  Borden,  Bayen  made  an  analyfis  of  this  matter,  Bayen. 
and  ahhough  his  refearches  did  not  extend  to  any  tireat 
degree  of  minutenefs,  they  are  fufficient  to  give  an  idea 
of  it's  general  properties.  This  liquid,  analyfed  by 
Bayen,  was  of  a  deep  olive  colour,  without  odour,  and 
alrnoft  without  any  favour,  and  of  the  confiflence  of  an 
ele6luary,  or  thickened  mucilage.  It  tinged  linen  yel- 
low, and  this  colour  could  not  be  extra6led  by  water, 
although  it  took  the  fame  yellow  tinge.  Diluted  with 
fixteen  times  it's  weight  of  water,  it  communicated  it's 
colour  to  it  very  flowly,  and  more  than  one  half  of  a 
grofs  matter  was  precipitated,  that  on  exficcation  be- 
came brown.  Heated  in  an  iron  fpoon,  it  fvvelled,  emit- 
ted at  firft  an  aqueous,  then  an  oily  vapour,  but  always 
of  a  lefs  difagreeable  fmell  than  that  of  other  animal 
fubftances ;  it  did  not,  however,  inflame,  although  the 
fpoon  was  red  hot.  Exficcated  on  the  water  bath,  it  lofl 
more  than  four  fifths  of  it's  weight,  and  became  a  brown, 
opake  mafs,  eafy  to  pulverize,  exhaling  a  mild  agreeable 
odour,  refembling-  that  of  evaporated  milk ;  it  was  fome- 
what  bitter.  A  little  of  this  dried  meconium,  dioefted 
with  ten  times  it's  weight  of  alcohol,  gave  it  a  deep  yel- 
low colour,  and  when  evaporated,  about  one  tenth  of 
it's  weight  was  left  of  a  faffron  yellow  matter,  bitter  and 
tranfparent,  perfectly  refembling  that  which  is  extracted 
from  bile  by  the  fame  means.  The  refiduun),  undiflblved 
by  the  alcohol,  was  black,  although  it  gave  to  water  a 
yellow  colour.  The  greateft  part  of  the  dried  meconium, 
heated  in  a  fmall  glafs  retort,  afforded  half  it's  weight  of 
water,  about  one  half  of  oil,  fome  carbonat  of  ammonia,  \ 

and  an  elaflic  fluid,  which  Bayen  looked  upon  to  be  air. 
A  coal  remained,  forming  one  fixth  of  the  mafs  ;  which, 
on  being  roafted,  afforded  ftill  more  ammonia,  became 
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incinerated  on  it's  furface,  and  hard  at  it's  centre,  ai-' 
though  e.xpofed  to  a  red  heat  five  or  fix  minutes,  and 
this  is  the  cafe  with  all  animal  charcoal.  When  roafted 
longtr,  it  became  friable,  although  it  remained  black ; 
it  hadlofl.  fomcwhat  Icfs  than  half  it's  weight,  and  cffer- 
velced  with  the  nitrous  acid.  From  thefe  experimen^ts, 
Eaycn  concludes,  that  the  meconium  is  a  real  excre- 
ment, but  milky,  and  already  mixed  with  bile  like  that 
of  adults. 
Deieurj'e.  Bordeu  haslikewife  given  fome  obfcrvations  of  Deleu- 
rye  on  this  matter,  which  to  a  certain  point  are  oppo- 
fite  to  thofc  of  Bayen,  as  they  announce  a  fetid  odour, 
whether  from  this  liquid  when  heated  by  itfelf  or  with 
»  water.  The  fame  perfon  has  obferved,  that  in  many 
infants  that  died  at  birth,  and  from  which  he  collected 
the  meconiun,  he  found  the  gall  bladder  containing  a 
liquid  more  inclined  to  a  reddifh  colour  than  that  of  the 
bile  ;  in  foetuses  dead  before  they  had  refpired,  he  found 
no  liquid  in  the  flomach,  only  a  gluey,  reddifli  coat, 
and  the  fame  in  the  fmall  intcftines ;  in  the  ccecum  the 
coat  was  white  and  thick  ;  in  the  colon  it  was  dill  thicker, 
but  brown  and  rcfembling  the  meconium,  particularly 
near  the  re<3:uni.  The  internal  coat  of  the ,  colon  was 
fpotted  with  the  brown  fhade  of  the  meconium,  and  very 
difficult  to  clean ;  the  re6lum  was  full  of  vifcous  meco- 
nium, difficult  to  take  away,  and  it  obflinately  preferved 
the  colour  of  this  excrementitious  liquid. 

Thefe  h&.s  Bordeu  thinks  are  fufficient  to  conclude 
the  meconium  to  be  the  pureft  part  of  the  bile,  accumu- 
lated in  the  liver,  becoming  black  in  proportion  as  it  lofes 
it's  water,  tinging  all  the  membranous  parts  to  which  it 
adheres  of  a  yellow  colour,  emitting  particular  emanations 
to  the  furrounding  j)arts,  mixed  with  mucous,  ftomatic, 
and  pancreatic  humours, 'and  forming  acofumn  of  matter 
upon  which  the  inteftines  are  moulded,  and  from  which 
thov  take  their  form. 
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The  eziliohtened  chemitt  needs  not  be  Informed;,  that 
the  experiments  and  obfervations  on  this  matter  are  at 
prefent  infufficient,  to  produce  any  fatisfadory  concki- 
lions  as  to  the  ufe  of  it  in  a  pathological  point  of  view. 

It  now  remains  to  give  fome  account  of  the  experi- 
ments on  the  dung  of  other  animals. 

Vauquelin  having  obfcrved  the  great  quantity  of  car-  v.mquc- 
bonat  of  lime,   which  is  daily  formed  in  the  ovidu6l  of  '.''  ^^  ^^v^' 

^  J  nmeiits  on 

hens  that  lay,  and  the  extreme  quicknefs  with  which  this  ''"^  excre- 

.  r  r  ■         nients  of 

earth  is  depofited  upon  the  fubftance  of  the  egg,  was  m-  poultry. 
duced  to  make  fome  experiments  on  this  fabjeiSl;  being 
convinced  that  this  matter  was  previoufly  feparated  from 
the  blood  by  the  kidneys,  and  afterwards  carried  iuto  this 
organ  by  fome  liquid  that  ferves  it  for  a  vehicle. 

On  calling  to  mind  that  the  urines  of  the  cow,  the 
horfe,  the  camel,  the  rabbit,  and  in  general  of  all  herbi- 
vorous animals,  contain  carbonat  of  lime,  without  any 
mixture  of  phofphat  of  lime,  and  that  this  laft  remains 
almoft  wholly  in  the  refiduum  of  digeftion  ;  it  will  not  be 
aftonifliing,  that  hens  wdiich  are  nouriiiied  with  matters 
of  the  fame  nature  fhould  only  furnifh  carbonat  of  lime 
in  their  urine,  particularly  on  reflecting  that  their  burnt 
excrements  only  contain  very  little  of  this  calcareous 
fait,  and  fcarcely  any  thing  but  phofphat  of  lime,  al- 
though their  aliments  afford  much  more  carbonat  of  lime 
than  phofphat.  It  appears,  therefore,  that  during  th: 
a£t  of  digeftion,  fome  carbonic  acid  is  formed  from  the 
alimentary  fabftances,  which  dilTolves  the  lime,  and  fa- 
vours it's  paflage  into  the  circulation,  from  whence  it  is 
afterwards  feparated  by  the  kidneys,  and  carried  into  the 
oviduft,  where,  by  a  peculiar  affinity,  it  attaches  itfelf  to 
the  fubftance  of  the  es^cr. 

Vauquelin  found  that  nine  egg  fhells  weighed,  accord-  Weir.htof 
ing  to  the  new  weights,  44,796  gramms,  which,  divided    ^'^' 
by  9  =  4j997   for  each   fliell.     Thus  a  hen  which  has 
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laid  90  eggs  in  four  months  and  a  half,  mufl;  have  form- 
ed in  that  time  447,939   gramnis  of  carbonat  of  lime, 
excepting  the  dedu6lion  of  the  gluten,  which  unites  the 
calcareous  parts. 
Quantity  of     Xhefe  44,796  gramms  of  eefo;  (liells,  calcined  to  black- 

ainrriiil  glu-  3 '  -^      to  &D  i 

ten.  nefs,  loft  S,321  gramms;  the  refiduum  diffolved  in  the 

nitric  acid  with  great  cffervcfcence,  and  with  an  odour  of 
fulphureous  hydrogen,  there  remained  0,217  gramms  of 
*  coal. 

The  nitric  folulion  was  white  ;  having  boiled  it  a  fuffi- 
cicnt  time  to  deprive  it  of  the  carbonic  acid  that  might 
have  combined  with  it  during  the  folution,  fome  anmio- 
nia  was  mixed  with  it,  and  0,5 S  of  a  gramm  of  phofphat 
of  lime  were  obtained  ;  thus  there  remained  40,17S 
gramms  of  carbonat  of  lime,  from  which  it  appears, 
that  1000  parts  of  egg  (hells  are  formed, 

ift,  of  carbonat    of  lime       896 

2d,  of  phofphat  of  lime        57 

3d,  of  animal   gluten      47 

Total    1000 

Mcdiam  The  weight  of  eggs  vary  according  to  the  fort  of  hen, 

"^^'^  '■       according  as  the  laying  is  more  or  lefs  accelerated,  and 

various  other  circumftances  ;  but  from  a  number  of  ex- 

periments  VauqucTm  fixes  the  medium  term  at  58,117 

gramms.     Hence  a  hen  that  has   laid    130  eggs  in   fix 

months,  which  is   pretty  common,  has  formed  74S6,2i(5 

gramms,   or   7   kilogramms,   4  heclogramms,    8  deca- 

gramms,  6  gramms,  and  226  thoufandths  of  a  gramm 

of  matter  employed   in  the  formation  of  thefe  eggs,  of 

which  641,6-5   gramms   are  to  be  fubtrafted   for    the 

fliells;  there  remain  then  for  the  fubftance  of  the  egg 

itfclf  7333,793  gramms,  or  I4lb.   15oz.  7drs.  Sgrs. 

Diingofthe      When  the  dunff  of  the  hen  is  attentively  compared 

cxk  conr.ji  with  tjiat  of  ihc  cock,  llie  firft  is  obfcrvcd  to  be  blacker. 
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and  infinitely  more  meager  and  exhaufted  of  nourifliing 
matter  than  that  of  the  cock.  Bcfides  this  laft  contains 
a  great  quantity  of  a  white  cretaceous-like  matter,  which 
covers  it,  although  eafily  detached  from  it. 

Vauquelin  had,  at  firll,  {uppofed  this  white  matter  to 
be  phofphat  of  lime,  becaufe  it  diflolved  in  acids  without 
effervefccnce ;  but  other  circumftances,  to  be  related, 
foon  changed  his  opinion. 

Equal  quantities  of  hen's  and  dock's  dung  were  calcined 
in  two  different  crucibles;  the  firft  left  5,201  gramms  of 
refiduum,  and  the  lafl  only  3.  Their  aflies  diffolved  in 
nitric  acid  without  effervefccnce;  but  that  of  the  hen 
emitted  an  odour  of  fulphnreous  hydrogenous  gas. 

The  refiduum  of  that  of  the  hen,  infoluble  in  nitric 
acid,  was  2,335  gramms,  and  of  the  cock,  1,06  gramm, 
and  were  nothina;  but  frag;ments  of  flone  and  fand,  mix- 
ed  with  a  fmall  quantity  of  coal  that  had  efcaped  com- 
buflion. 

The  filtered  folutions  of  thefe  two  forts  of  afhes  af-  Quantity  of 
forded  very  abundant  depofits  by  the  addition  of  ammo-  ]]IiJ'e^i'j,^Joih 
nia,  which   proves  that  the  matter  diffolved  by  the  nitric  compared, 
acid  was   phofphat   of  lime.     The  precipitate   furnifhed 
by  the  excrement   of  the  cock  weighed   1,1 66  gramm, 
and  that  of  the  hen  two  gramms. 

Having  thus  feparated  the  phofphat  of  lime  from  the 
nitric  folutions  by  ammonia,  which,  after  this  lafl,  pro- 
duced no  further  change  in  them,  the  carbonat  of  potafh 
gave  rife  to  new  precipitates,  which  were  carbonat  of 
lime,  the  weight  of  which,  in  that  of  the  cock,  was 
0,265  of  a  gramm,  and  in  that  of  the  hen,  0,185  of  a 
gramm. 

It  follows  therefore,  firfl,  that  in  the  excrements  of 
thefe  animals,  befides  the  phofphat  of  lime,  there  re- 
mains carbonat  of  lime.  Secondh^,  that  if  thefe  burnt 
excrements  did  not  effervefce  on  being  diffolved  in  acidsj 
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it  arifes  from  the  carbonic  acid  having  feparated  from  the 
lime  during  calcination. 
Reflexions.  The  rtlult  ot  ihcTc  experiments  feems  contrary  to.  what 
reafon  might  Indicntc,  for  if  a  part  of  the  calcareous 
earth  ferves  to  form  the  envelope  of  the  egg  in  laying 
hens,  their  excrements  ought  to  contain  proportionally 
a  lefs  quantity  of  this  fubftance  than  thofe  of  the  cock  ; 
but  on  recollefting  that  hens,  during  this  epoch,  take  at 
lead  two  or  three  limes  more  food  than  the  cock,  that  the 
excrements  of  the  fnfl  are  much  more  abundant,  more 
meager  and  more  exhaufied,  it  will  be  eafily  conceived 
how  it  may  happen,  that  befides  the  portion  of  calcare- 
ous earth  employed  in  the  formation  of  the  egg  fliell, 
there  ftill  remains  more  in  their  excrements  than  in  thofe 
of  the  cock.  Hence  a  hen  that  has  layed  130  eggs  in  the 
fpace  of  fix  month?,  the  weight  of  which  amount  to 
7333,703  gi'amms,  deducting  the  weight  of  the  fliells, 
has  need  for  the  formation  of  this  animal  matter  of  a 
greater  quantity  of  nourifhment,  in  part  ufelefs  to  the 
cock,  and  confequenlly  his  excrements  ought  to  be  more 
abundant,  more  meager,  and  more  charged  with  calcare- 
ous matter. 

But  it  may  be  faid,  if  the  carbonat  of  lime  tends  to- 
wards the  oviduA  in  the  female  at  the  time  of  laying,  it 
ought  to  be  formed,  and  afterwards  found  in  the  excre- 
ments of  the  male,  having  no  organ  to  difpofc  of  it,  and 
yet  thefe  excrements  do  not  afford  a  greater  quantity  than 
thofe  of  the  hen. 

This  objection  Vauquelln  oppofes,  by  what  has  been 
faid  before,  relative  to  the  quantity  of  nourifliment  com- 
pared to  that  of  the  cock,  which  the  hen  has  need  of 
during  her  laying,  and  by  what  will  be  laid  down  here- 
after on  the  comparifon  of  the  excrements  of  the  hen 
when  file  lavs  and  when  flie  does  not. 
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Although  the  quantity  of  carbonat  of  Hme  appears 
fiifficient  in  general  for  the  formation  of  the  (hell  5  it  is 
not,  however,  inexhauftible,  for  it  has  been  obfervedj, 
that  when  the  laying  is  accelerated,  the  {hell  is  much 
lighter,  and  very  often  the  eggs  are  only  covered  (imply 
with  a  membrane ;  hence  it  appears,  that  the  calcareous 
'  matter  in  this  lad  circiimflance  is  not  formed  in  the  fame 
proportion  as  the  matter  of  the  egg  itfelf. 

There  are  likewife  circumftances  where  the  calcareous 
matter  is  more  abundant  than  neceflary  for  the  formation 
of  the  envelope,  for  it  is  not  rare  to  fee  a  hen  that  has 
layed  in  the  morning  lay  another  egg  in  the  evenino-j 
which  is  very  fmall,  and  with  a  thick  fhell,  and  only  filled 
with  a  white  tranfpar-nt  glare,  without  any  yolk.  Hence 
it  appears,  that  when  the  defcent  of  the  egg  from  the 
ovary  into  the  ovidu6l  docs  not  take^  place  foon  enough, 
the  albumen  becomes  covered,  by  a  peculiar  affinity, 
with  the  calcareous  matter,  and  forms  a  fpecies  of  fterile 
egg. 

It  is  very  well  known,  that  at  the  time  of  laving,  hens  Excrements 
eat  much  more  than  at  any  other  feafon  of  the  year,  that  ?'  '^^'"^ 

■'         ^  hens  coni- 

the  cock  collects  for  them  food,  calls  and  invites  them  to  pared  with 

,  1  •        1  II'  others,  and 

eat,  by  a  peculiar  language  ;  that  their  excrements  are  ^vi^i  thofe 

infinitely  more  abundant  aild  more  exhaufted  than  thofe  °^  ^heccck, 

of  the  cock.     It  has  likewife  been  obferved,  that  during 

laying,  hens   render  none,  or  fcarcely  any  of  that  white 

cretaceous-like  matter  which  covers  their  excrements  at 

other  feafons,  whilft  the  cock  renders  it  always ;  but  that 

as  foon  as  the  hen  begins  to  (it,  this  matter  reappears; 

and  further,  as  they  only  render  their  excrements  at  very 

dil^ant   intervals,  they  evacuate  a  pretty  large  quantity  of 

a  clear  liquid,  feparated  from  the  excrements,  which  foon 

after  becomes   turbid,   and  depofits  a  white   matter  that 

efFervefces   with   acids ;    it   contains   carbonat    of  lime. 

7'he  white  cretaceous-like  matter  abovementioned,  which  Matter  , 


t;es, 
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which  CO-  envelopes,  or  fimply  accompanies  the  dung  of  the  cock, 
riu'ngo'i-  the  and  of  the  hens  that  do  not  lay,  fubmitted  to  difiercnt 
cock,  and     experiments,  has  the  followiner  properties, 

Iitiis  which       '  _  .  . 

do  noHay.        id.  It  is  infolublc  in  cold,  and  boihng  water. 

It's  proper-      ^d.  It  bums  in  the  fire  hke  animal  matter,  and  leaves 
fcarcely  no  refiduum. 

3d.  It  diflblves  in  the  nitric  and  muriatic  acids,  with- 
out effervefcence,  and  it's  folution  affords  no  precipitate 
by  alkalis,  \yhether  cauftic  or  fatur-ited  with  carbonic 
acid,  it  only  becomes  of  a  yellow  colour. 

4th.  It's  folution  in  acids  forms  with  tan  contained  in 
the  infufionof  gall  a  very  abundant  white  precipitate. 

Thefe  properties  prove  this  fubftance  to  be  of  afi  ani- 
mal nature;  it  is  not,  however,  gelatin,  fince  it  would 
have  been  foluble  in  boiling  water,  although  perfeftly 
dry,  and  lince  there  is  only  this  and  albumen  fufceptible 
of  uniting  with  tan,  and  forming  a  combination  infolu- 
ble  in  water,  it  is  evidently  a  real  albumen,  or  white  of 
egg  coagulated  and  dried  by  the  air.  '^  Hence,"  fays 
Vauquelin,  *'  although  the  cock  does  not  lay,  there  is  a 
fubftance  prepared  in  his  organs,  proper  to  form  the 
white  of  egg,  and  henceforth,  it  v\'ill,  perhaps,  not  be  ri- 
diculous to  believe,  that  thefe  animals,  under  fome  cir- 
ciimflances,  may  render  a  fpecies  of  egg,  and  the  opinion 
of  the  country  people  be  no  longer  a  prejudice.  It  is  fuf- 
ncient,  that  a  certain  quantity  of  glair  or  albumen  fojourn 
a  certain  lime,  and  the  urine  on  paffing  cover  it  with 
carbonat  of  lime,  with  which  it  is  faturated.  I  confefs 
I  never  faw  this  phenomenon ;  but  fo  many  people  are 
faid  to  have  fcen  it,  that  it  is  difficult  iiotto  believe  fome- 
thingof  it." 
refi-      Vauquelin,  in  order  to  determine  more   exaftly  what 

'oiirnt  o!)fs    ^^^^  })lace  during  digeftion  in  thefe  animals,  endeavoured 

examjucd.    jo  find  out   the  principles   oats  are  compofed  of,  with 
which  thev  are  nourished,  and  in  what  proportions  they 
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exift.  This  view  in  particular  was  to  determine  what 
relations  the  earthy  parts  bore  to  each  other,  fuch 
as  the  lime  and  the  phofphat  of  lime.  He  found 
that  oats  contain  about  0,031  their  weight  of  afhes,  on 
incineration,  and  that  thefe  aflies  are  compofed  of  0,393 
of  phofphat  of  lime,  and  0,607  of  pure  filex.  This  che- 
mift  looks  upon  it  as  fomewhat  extraordinary,  that  he 
did  not  find  any  mixture  of  alcali  or  calcareous  earth 
with  the  phofphat  and  filex. 

Having  determined  the  nature  and  proportions  of  the  Refiduum 
earthv  matters   contained   in  oats,   he   was  defirous   of  °^ 'V^" '^j "^ 

'  produced 

knowing  the   changes  thefe  earths    had   undergone   by '^7  °3ts  and 
digeftion.     On  which  account  he  enclofed  a  laying  hen 
in  a  place,  and  gave  her  oats,  of  which  he  knew  the 
weight.   In  the  fpac,e  of  ten  days,  the  hen  had  eaten 
433,838  gramms  of  this  feed,  and  had  laid  four  eggs. 

Having  colle6led  and  dried  the  excrements,  he  incine- 
rated them  in  a  crucible  of  porcelain,  and  found  the 
afhes  to  weigh  38,957  gramms.  Thefe  aflies  were  in  part 
difTolved  by  the  muriatic  acid  without  effcrvefcence,  but 
there  arofe  a  flrong  odour  of  fulphureous  hydrogenous  gas. 
When  the  acid  had  ceafed  to  acl  on  the  matter,  it  was 
diluted  with  water,  filtered,  and  the  refiduum  edulcorated, 
it  weighed  8,492  gramms;  fome  cauftic  ammonia  was 
then  poured  into  the  muriatic  folution,  which  formed  a 
very  abundant  white  precipitate,  and  weighed,  when 
waflied  and  dried  by  a  read  heat,  7,643  gramms.  This 
matter  fubmitted  to  different  experiments  prefented  all 
the  characlcrs  of  phofphat  of  lime,  without  any  mixture 
of  foreign  matter. 

The  liquor  (fcparatcd  from  the  phofphat  of  lime) 
mixed  with  the  common  carbonat  of  potafli,  gave  a  white 
precipitate  in  large  quantity,  which  weighed  2,547 
oframms  when  dried. 

The  formation  of  a  confiderable  quantity  of  carbonat  Remarks, 
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of  lime  that  did  not  cxifl  in  the  oats  with  which  the  hen 
was  nouriflicd,  is  a  circumftancc  very  important  both 
with  refpeft  to  the  theory  of  tlie  formation  of  the  fliells, 
and  for  the  economy  of  2;ranivort)us  animals  in  general. 
It  is  not  Icfs  remarkable,  that  the  quantity  of  phofphat 
of  lime  obtained  in  the  excrements  of  the  hen,  fur- 
niflicd  by  4  83,833  gramms  of  oats,  is  much  greater 
than  what  the  fame  quantity  of  oats  afibrded  by  com- 
budion,  which  out  of  15,283  gramms  of  refiduum,  gave 
5,944  gramms  of  pure  phofphat  of  lime.  Hence  it 
would  appear,  if  the  experiments  of  Vauquclin  are  ex- 
aft,  that, 

1.  A  portion  of  lime  was  formed  during  the  a6l  of 
digeftion,  and  of  the  animalization  of  the  oats. 

2.  That  a  portion  of  phoiphoric  acid  was  likcwife 
formed. 

3.  That  a  certain  quantity  of  carbonat  of  lime  was 
equally  generated. 

In  reality,  2,547  gramms  of  this  lad  fubrtance  were 
obtained  from  the  excrements  of  the  hen,  whilft  the  oats 
afforded  none ;  and  befides,  the  hen  laid  four  egos 
during  the  time  of  eating  the  oats,  the  fhells  of  which 
weighed  about  19,744  gramms,  which  with  the  2,  54  7 
remaining  in  the  excrements,  form  22,291  gramms,  or 
five  drachms,  fix  grains  j  a  very  confidcrable  quantity. 
It  cannot,  however,  he  fuppofed  that  this  carbonat  was 
formed  at  the  expenfe  of  the  phofphat  of  lime  contained 
in  the  oats,  for  it  is  to  be  recollected,  that  only  5,944 
gramms  were  obtained  from  483,838  of  this  feed,  and 
that  the  excrements  arifing  from  the  fame  quantity  of 
oats  gave  11,944,  which  makes  a  difference  of  fix 
gramms. 

Thus  the  excrements  of  a  hen  which  had  onlv  eaten 
483,838  gramms  of  oats,  in  ten  days,  afforded  on  ana- 
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Ivfis  2,547  gramms  of  carbonat  of  lime,  which  added 
to  the  1 9,743  gramms,  forming  the  fhells  of  the  eggs 
laid  during  the  interval,  make  22,29  gramms,  of  which 
not  a  particle  exifls  in  the  oats. 

They  likewife  furnlflied  11,944  gramms  of  phofphat 
of  lime,  whilft  483,838  gramms  of  oats  only  gave 
5,944.  Hence  there  was  an  increafe  of  fix  gramms;  a 
very  confiderable  quantity. 

Vauquelin  endeavoured  to  find,  in  the  refidiium  of  the  Quantity  of 
burnt  excrements  of  the  hen,   infoluble  in  acid,  the  orl-  "''^'^'"/J'® 

'  '  cats  with 

gin  of  this  carbonat  of  lime,  which  is  not  found  in  oats,  '''^f  '"^'^«' 
as  well  as  the  increafe  of  the  phofphat  of  lime,  a  part  of 
which  only  exifts  in  that  feed. 

For  this  purpofe  he  took  the  8,492  gramms,  or  I60 
grains  of  refiduum,  (left  after  the  muriatic  foluiion  was 
diluted)  as  before  mentioned.  Thefe  were  formed  with 
three  pans  of  caufi;ic  potafii,  in  a  filver  crucible,  and  af- 
ter being  properly  treated,  8,067  gramms  of  pure  nitre 
were  extra3:ed  from  them. 

The  0,423  of  a  gramm  deficient  niufi:  be  attributed  to 
the  carbonated  matter  that  coloured  the  refiduum. 

On  comparing,  therefore,  the  refiduum  of  the  excre- 
ments of  the  heu  with  that  of  the  oats,  refpe(Sing  tke 
filex,  it  appears  that  it  contains  1,274  gramm  lefs  of 
filex,  fince  483,838  gramms  of  oats  furnifl^ed  9,342 
gramms  of  this  earth,  whilil  the  excrements  arifingfroni 
the  fame  quantity  of  this  feed  only  afforded  8,067 
gramms. 

It  appears  from  thefe  experiment?,  that  whether  the 
fmall  quantity  of  filex  found  in  the  nutriment  of  the 
hen,  gives  rife  to  the  calcareous  matter  of  the  excrements 
or  not,  it  is  certain,  that  a  confiderable  quantity  of 
lime,  both  in  a  fl:ate  of  carbonat  and  phofphat,  is  gene- 
rated in  the  organs  of  that  animal,  whilft  a  portion  of 
filex   is   found   to  have    difappeared,     which   feems     lo 
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be  in  too  inconfiderable  quantity  to  give  origin  to  fo  great 
a  mafs  of  calcareous  earth,  (the  lilcx  being  only  1,274 
gramm,  the  calcareous  matter  14,118  gramms).  But 
although  the  conclufions  are  little  fatisfaftory,  therefults 
of  the  experiments  merit  a  farther  confideration ;  and 
fliould  future  ones  confirm  them,  it  will  oblige  the  chemift 
to  admit,  that  filex  is  changed  into  lime  during  the  digef- 
tion  of  poultry. 

Macquer's  Chem.  Woerterbuch  von  Leonbardi.  p. 
134,  t.  2. — Fourcroy's  Syfteme  des  connaifTances  chi- 
miques,  &c.  par  A.  F.  Fourcroy,  Art.  Meconium,  t.  10. 
Paris,  An.  II. — Experiences  fur  les  Excre'mens  des 
Poules,  comparees  a  la  Nourriture  qu'elles  prennent,  ct 
Reflexions  fur  la  Formation  de  la  Coquille  dc  I'CEuf,  par 
le  Cit.  Vauquelin,  Annal.  de  Chimie^  p.  3.  torn.  29. 
An.  7. 
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On  taking  a  view  of  the  analyfis  of  the  different  parts 
of  the  animal  body,  and  particularly  that  of  the  fluids, 
follds,  hard  and  external  parts,  it  appears  from  the  pre- 
ceding; experiments,  that  befides  water,  which  is  more  or 
lefs  common  to  all  bodies,  there  are  four  principal  fub- 
ftances  that  predominate  in  their  compofition,  and  it  is 
from  thefe  more  particularly,  that  the  different  organs 
have  their  origin.  Thefe  four  fubftances  are,  albumen, 
gelatin,  fibrin,  and  ofleous  matter  j  and  the  following  are 
their  characters  and  properties,  according  to  chemical 
analyfis. 


ALBUMEN. 


Animal  albumen  is  generally  found  in  the  form  of  a 
tranfparent  fluid,  more  or  lefs  vifcous,  and  of  an  aqueous 
colour,  tending  to  a  yellow. 

It's  favour  isflightly  faline,  and  if  tafted  with  attention,  jt'spioper- 
lomewhat  fharp.  ''^^" 

It  changes  the  firup  of  violets  green. 

It  is  foluble  in  cold  water. 

Alkalis  diffblve  it. 

Acids  coagulate  it. 

Lime  water  produces  a  precipitation  in  the  albumen, 
which  is  the  phofphat  of  lime.  It  is  coagulated  by  the 
metallic  oxyds,  and  by  alcohol. 

It  decompofesi  and  caufes  a  precipitation  in  folutions  of 
neutral,  calcareous,  and  metallic  falts. 
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It  undergoes  the  putrid  but  not  the  aectous  fermen- 
tation. 

The  mod  diflinguifliing  ch?.ra(.9;er  of  this  fluid  \s,  that 
when  expofcd  to  a  degree  of  heat  from  45"  to  48''  (80" 
being  the  boihng  point)  it's  liquidity  and  'tranfparencv 
difappear,  it  becomes  opakc,  white,  concrete,  and  folid. 

On  examination,  during  this  change,  there  is  a  fibrous 
appearance,  but  as  foon  as  the  coftion  is  complete,  the 
whole  is  homogeneous,  white,  and  folid  ;  and  on  exfic- 
cation,  it  is  brittle,  (hining  in  it's  fraclure,  and  tranfpa- 
rent.  A  great  degree  of  heat  dift-ngages  ammonia  from 
it,  and  a  very  fetid  oil,  as  from  other  animal  fubftances. 

This  concretion  of  ali)umen  by  heat  is,   according  to 
Fourcroy,  one  of  the  mofl;  remarkable  phenomena,   ani- 
mal  fubftances   prefent    to  the    chemift ;    and    from    a 
Oxygenated  number  of  experiments  made  upon  it,  with  Vauquelin, 
it's  proper-  hc  attributes  it  1o  the  abforption  and  fixation  of  oxvscn, 

ties.  ^  .  ...  .  .         '  ^ 

for  which  the  heat  incrcafes  it's  affimtv.  In  this  ftate  he 
calls  it  oxvgenated  albumen.  It  is  then  of  a  white  co- 
lour, and  has  changed  it's  properties  ;  for,  according  to 
Fourcroy,  folid  or  oxygenated  albumen  is  no  longer  fo- 
lublein  water ;  Hatchett,  however,  found,  that  in  a  flight 
degree,  infpiflated  albun^en  is  foluble.  It  is  infoluble, 
however,  in  cauftic  alkalis. 

Concentrated  acids  produce  different  effeils  upon  it. 
The  concentrated  fulphuric  acid  reduces  it  to  a  charcoal 
by  combuftion,  during  which  a  difagreeable  odour  is 
emitted.  The  nitric  acid  at  the  temperature  of  15°  dif- 
engages  azot  gas  from  it,'  and  if  the  mixture  be  heated, 
pruflTic  acid  is  formed,  flying  off"  in  the  form  of  a  gas, 
recognized  by  the  odour  of  bitter  almonds  ;  afterward 
a  portion  of  the  charcoal  is  feparated,  which  united  to  it's 
oxygen  forms  carbonic  acid  gas :  when  the  difengagc- 
mcnt  of  thcfe  t\yo  acids  has  taken  place,  the  nature  of 
the  albumen  is  Angularly  changed,  it's  conftiuieiit  prin- 
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clples  no  longer  retain  the  fame  order  or  proportion  in 
their  compofition ;  the  refalt  of  which  is,  on  the  one 
iide,  the  oxalic  acid,  on  the  other,  a  fatty  or  oily  matter, 
of  a  citron  colour,  that  fwims  in  the  fame  liquor  3  a 
green  little  malic  acid  is  alfo  obtained. 

If  the  albumen  coagulated  by  acids  be  diluted  with 
water,  the  liquor  filtered  and  evaporated,  falls  are  ob- 
tained, the  bafis  of  which  is  foda;  hence  the  caufe  of  the 
colour  liquid  albumen  gives  to  violets. 

It  is  alfo  to  the  fame  fait,  as  well  as  to  the  phofphat  of 
foda  and  ammonia,  found  by  anal vfis  to  cxifi  in  albu- 
men, that  the  precipitation  of  the  above  mentioned  dif- 
ferent falts  arife.  According  to  Fourcroy,  the  metallic 
precipitates  carry  with  them  a  portion  of  it  in  it's  oxy- 
genated and  concrete  ftate.  It  is  likewife  by  decompo- 
fing  the  phofphat  of  foda,  which  is  held  in  folution,  that 
the  precipitation  by  lime  is  produced. 

By  gently  evaporating  the  water  in  which  albumen  has 
been  diluted,  after  having  obtained  this  laft  in  a  concrete 
form  by  heat,  and  fc-parated  it  from  the  lye,  cryftals  of 
muriat  of  foda  are  obtained.  To  this  it  may  be  added, 
that  it  is  often  obfervcd,  on  treating  in  this  v.ay  feveral 
fpecies  of  albumen,  and  amongft  others  the  ferum  of 
the  blood,  and  that  which  exills  in  the  mufcles,  an4  is  ex- 
traftcd  by  prefTure,  that  the  liquor  when  properly  eva- 
porated, to  obtain  the  cryftallizable  falts,  becomes  a  jelly, 
on  cooling  :  this  phenomenon  is  only  indicated  here  to 
fliow,  that  the  liquid  albumen  is  often  accompanied  with 
another  animal  fubftance  of  equal  importance;  an  ac- 
count of  which  will  be  given  in  the  next  artick,  Gela- 
tin. 

From  the  analyfis  of  albumen,  it  appears  to  be  com-  ii'scompv- 
pofed  of  carbon,   hydrogen,  azot,  and   difFereiU  propor- 
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lions  of  oxygen,  phofphoric  and  muriatic   acids,  foda, 

and  lime. 

Remarks         Th"^  name  of  albumen  has  been  given  to  this  matter, 

upon  albii-  f^oni  it's  analoffv  to  the  white  of  an  cjro;,  and  in  what- 
men.  .     .  . 

ever  part  of  the  body  it  is  formed^  it's  charafters  are  in- 

riably  the  fame.  This  organic  conipoftd  fubftance  is 
very  abundant  in  all  animals,  and  forms  a  very  diftinft 
genus  amongft  the  compofed  parts  of  organized  bo- 
dies. The  while  of  the  egg,  called  albumen  by  the 
Latins,  may  be  looked  upon  as  the  fird  fpecies  of  this 
'  genus  ;  and  it  was  that,  the  analyfis  of  which  was  firft  the 

means  of  difcovcrlng  the  ftriking  analogy  that  exifls  be- 
tween it  and  manv  other  animal  fui)n:ancc3.  The  ferum 
of  the  blood,  the  more  or  lefs  thick  and  even  concrete 
matter  of  the  vitreous  humour,  and  of  the  cryftalline 
lens,  a  great  part  of  the  white  humour  which  moves  in 
the  lymphatic  or  abforbent  velTels,  the  water  colle£led 
in  the  different  cavities  of  the  body  diftendcd  by  the 
dropfy,  are  the  principal  fpecies  of  this  genus  ;  or  to  ufe 
a  more  exacl  method  of  exprcflion,  contain  a  very  large 
proportion  of  albumen  ;  whilft  the  greater  part  of  the 
membranous  and  white  organs,  and  efpecially  the  mem- 
branes which  line  the  hollow  vifcera,  as  well  as  filk, 
contain  more  Icfs  of  it  in  it's  concrete  ftate  :  in  Ihort, 
it  is  found  even  in  the  juices  of  vegetables.  It's  liqui- 
dity arifes  from  it's  always  being  combined  in  the  fluids, 
of  which  it  forms  the  principal  bafis,  with  a  certain 
quantity  of  water;  but  on  becoming  an  integrant  part 
of  the  folid  organs  it  is,  in  a  concrete  ftate,  and  has  in 
fome  nieafurc  changed  it's  nature  and  properties.  It  i- 
certain,  that  the  degree  of  heat,  by  which  it  is  coagu- 
lated by  chemical  agents,  cannot  take  place  in  the  body, 
yet  the  formation  and  fcparation  of  mofl  of  it's  organs 
require  the  flow  fixation  of  oxygen,  the  combination 
of  which,  with  the  animal  fluids,  appears  from  the  ex- 
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perlmeuts  on  refplration  to  take  place  in  the  lungs.  It 
is,  therefore,  during  it's  circulation  in  the  fanguiferous 
and  lymphatic  veflels,  that  the  albumen  abforbs  by  de- 
grees the  oxygen,  until  it  has  received  fuch  a  quantity 
as  to  become  concrete,  which  appears  to  be  at  the  time 
it  has  arrived  in  the  ultimate  vafcular  ramifications  which 
carry  the  nutriment  to  the  folids  ;  hence  the  neceffity  of 
changing  it's  nature,  and  inftead  of  remaining  liquid, 
to  become  concrete  or  oxygenated  albumen  ;  and  as  the 
variable  quantities  of  the  oxygen  and  water  depend  on 
the  age  and  flate  of  health  of  animals,  they  produce  a 
more  or  lefs  llrong  concrefcibility,  or  more  or  lefs  de- 
cided fluidity  of  the  albumen. 

Albumen,    according  to  the  experiments  of  Halchett, 
is  the  predominant  and   effential  part  in  the  tiffue,  or 
web  of  membrane,    cartilage,   fponge,   the  horny  ftems 
of  gorgonias,   horn,    hair,     feather,    quill,    hoof,  nail, 
horny  fcale,  cruft,    and  tortoife-fhell ;    and    although  in 
all  it  has  fimilar  chemical  .properties  ;  yet  in  confidence, 
it   varies  from  a  tender  jelly-like  fubftance,  to  a  com- 
pletely formed  membrane,   or  to  an  elaftic,  brittle,   hard 
body,  like  tortoife-fhell ;  and  he  thinks,  it  is  the  original 
fubftance  from  which  all  thefe  bodies  as  well  as  mufcu- 
lar  fibre   derive  their  origin.     He  affirms,  there   is  alfo 
much  reafon  to  believe,  that  gelatin,   although  it  appears 
fo   different  in    many   refpefts   from  albumen,     is  yet 
formed  from  it :  for,  from  his  experiments,    it  appears, 
that  tortoife-fhell,  horn,  mufcular  fibre   and  infpiffated 
albumen,  after  long  dilution  in  very  dilute  nitric  acid,  and 
after  being  well   waflied,  were  foluble  in   boiling  water, 
and  that  a  fubftance  was  formed,  which  (by  becoming 
liquified  when  heated,   by  being  foluble   in  boiling  wa- 
ter, by  being  precipitated  by  the  tanning  pruiciple,  and 
by  nitro-mutriat  of  tin ;   and  laftly,   by  forming  a  gela- 
tinous mafs,  when  the  aqueous  folutton  was  fufficiently 
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evaporated  and  cooled,  approached  and  refembled  gela- 
tin. He  thinks  it  might  perhaps  be  too  hafty  to  aflTcrt 
that  gelatin  was  abfolutcly  thus  formed;  but  if  a  fubftance 
fb  very  fimilar  to  it  could  be  thus  produced,  he  is  of  opi- 
nion, that  the  real  gelatin,  with  it's  various  modifications, 
is  formed  from  albumen,  by  the  more  efficacious  and  dc- 
hcate  operations  of  nature. 

In  attempting  to  prove  that  albumen,  or  the  coagulat- 
ing lymph,  is  the  original  animal  fubftance,  this  chemift 
has  only  ftated  chemical  fa£ls;  but  when  the  phenomena 
attending  incubation  are  confidered  ;  when  the  experi- 
ments made  by  eminent  phyfiologifts,  fuch  as  Haller, 
Maitre  Jean,  and  Malpighi,  are  attended  to  ;  when  the 
oviparous  foetus  is  fecn  to  be  progreffively  formed  in  and. 
from  the  albumen  of  the  egg,  fo  that  upon  the  burfting 
of  the  fliell  which  feparated  it  from  external  matter,  the 
5'oung  animal  comes  forth  complete  in  all  it's  parts;  when 
fuch  (Irong  fa6ts  as  thefe  are  corroborated  by  thofe  which 
chemiftry  affords  ;  it  can  fcarcelv  be  doubted,  according 
to  Hatchett,  but  that  albumen  is  the  primary  fubftance 
from  which  the  others  are  derived  ;  and' there  is  rhuch 
reafon  to  believe  that  the  formation  of  gelatin,  and  of  the 
aaimal  fibre  efpecially,  begins  Vvith  the  procef&  of  fangui- 
fication  in  the  foetus. 

This  is  by  no  means  a  novel  opinion.  It  was  fuppofed 
by  Thouvenel,  that  animal  albumen  might  be  converted 
into  animal  jelly  ;  and  Fourcroy  affirms,  that  gelatin 
only  differs  from  albumen  by  containing  a  larger  propor- 
tion of  oxygen,  and  that  fince  gelatin  has  a  great  ten- 
dency to  become  acid,  it  is  a  proof  of  it*s  having  a  greater 
quantity  of  oxygen  in  it's  com^wfition,  which  was  only 
neceffary  to  form  that  fermentation.  This  chemift  is 
more  particularly  confirmed  in  his  opinion,  by  finding 
that  all  vegetable  fubftances  which  are  acid,  and  fruits  in 
particular,  contain  no  albumen,  whil^  ofelatin  is  con- 


COMPONENT  PARTS. 
fiaiitly  obtained;  on  the  contrary,  thofe  which  afford 
albumen,  as  all  young  vegetable  fubftances  do,  (how  no 
appearance  of  acidity.  He  has  alfo  obferved,  that  the 
albumen  of  the  blood  forms  with  the  nitric,  muriatic, 
and  acetous  acids,  a  fpecies  of  gelatin.  Hence  he  fuf- 
pe6ls  that  every  jelly  is  a  combination  of  the  oxygenous 
principle  and  albumen.  Such  are'  the  opinions  of  the 
preCent  chemical  phyfiologifts  on  the  converfion  of  albu- 
xnen  into  gelatin. 

From  the  properties  which  albumen  poflTefles  of  being 
coagulated,  it  is  made  ufe  of  in  the  arts  to  clarify  various 
fluid  bodies.  For  this  purpofe,  the  blood  of  different 
animals  is  in  general  chofen,  when  any  large  quantity 
of  clarifyingalbumen  is  wanted,  this  fluid  containing  it  in 
large  quantity,  and  being  eaflly  procured.  When  re- 
quired in  fmall  quantity,  the  albumen  of  the  egg  is  gene- 
rally preferred  as  beingmore  delicate.  It  a£ts  by  uniting 
with,  and  entangling  in  it's  compofition  as  it  coagulates, 
the  impure  parts  of  the  fluid  to  be  clarified,  which  it  car- 
lies  to  the  furface  in  the  form  of  a  hard  fcum,  which 
being  no  longer  foluble  in  it's  coagulated  fl;ate,  is  eafily 
taken  out.  This  coagulating  property  is  likewife  of  ufe 
in  the  art  of  anatomy,  for  when  it  has  undergone  this 
change  by  the  muriatic  or  nitric  golds,  any  heteroge- 
neous parts  it  contains  are  more  eafily  to  be  difcerned.  It 
was  thus,  that  Reil  dlfcovered  the  ntrves  of  the  cryftal- 
line  lens,  and  when  thofe  worms  which  are  denominated 
gelatinous  have  been  immerfed  a  few  feconds  in  either 
of  the  above  acids,  a  fibrous  ftru(Slure  is  obferved,  and 
the  anatomifl;  is  enabled  to  diftinguifli  and  examijne 
them. 
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GELATIN. 


ties 


ii^prope  -  Qj^T  boiling  animal  fubftanees  in  water,  a  certain  rr>al- 
ter  is  extra(?lcd,  which,  on  becoming  cool,  forms  a  folid 
and  tremulous  jelly,  and  from  this  property  it  has  been 
called  gelatin. 

When  pure,  it  is  colourlefs  and  tranfparent,  without 
fmell,  and  of  a  mild  favour.  It  is  pcrfe6lly  folublc  in 
water^  but  does  not  coagulate  as  albumen  does.  It  is 
likewife  foluble  in  acids  and  alkalis,  but  lefs  fo  in  the 
laft.  With  the  nitric  acid,  a  little  azot  is  difengaged, 
and  a  fmall  part  is  changed  into  fat,  whilft  the  greater 
part  is  converted  into  oxalic  acid.  Solutions  of  lime 
produce  a  precipitate  of  phofphat  of  lime  when  poured 
into  a  fokilion  of  gelatin.  With  the  principle  of  tan  it 
forms  a  compound  infoluble  in  water ;  hence  this  princi- 
ple is  a  very  convenient  reagent  to  afcertain  the  prefence 
of  gelatin  in  any  fluid,  and  to  determine  with  precifion 
quantity.  Thus,  if  the  infufion  of  tan  be  poured  into 
milk,  whey,  ferum,  broth,  Sec.  it  forms  a  prrcipitat<} 
more  or  lefs  abundant,  according  to  the  quantity  of  gela- 
tin they  contain.  It  is  infoluble  in  alcohol.  If  kept  for 
fome  time,  it  undergoes  the  acetous  fermentation  from 
the  faccharine  matter  it  contains;  and  this  is  faid  fooner 
to  take  place  in  the  gelatin  of  graminivorous  animals  ;  it 
afterward  pafTes  into  the  putrid  fermentation,  and  gives 
carbonated  ammoniacal  gas. 

By  diflillation  in  the  water  bath  it  affords  an  infipid, 
inodorous  phlegm  ;  in  proportion  as  it  lofes  it's  water,  rt 
affumes  the  confidence  of  and  becomes ^/wi?,  for  which, 
\\deSr)f}  Parts ;  and  when  entirclvdried,  it  refcmblcshorn. 
Expofed  to  a  flronger  heat  with  accefs  of  air,  it  fwells, 
liquifies,   and  becomes  black,  emitting  a  great  deal  ox 


COMPONENT    PARTS.  455 

fetid  fmoke,  which  does  not  eafily  inflame.  By  a  violent 
heat  in  a  retort,  it  affords  an  alkaline  phlegm,  an  empy- 
reumatic  oil,  and  a  fmall  quantity  of  ammoniacal  chalk  ; 
and  leaves  a  large  mafs  of  charcoal  of  difficult  incine- 
ration, containing  muriat  of  foda  and  calcareous  phof- 
phat. 

The  component  parts  of  gelatin  are,  therefore,  carbon,  it's  compo- 
hydrogen,    azot,    faccharinc   matter,    phofphoric    acid, 
muriatic  acid,  lime,  and  foda. 

Gelatin  is  obtained  from  all  the  foft  and  white  parts  of  Remarks 
animals  in  large  quantity,  fuch  as  the  membranous  parts,  "jp°"  ^ 
tendons,  ligaments,  aponeurofes,  cartilages,  horns,  bones, 
and  (kins.  It  therefore  appears  to  partake  of  the  folidity 
of  albumen  in  mod  of  thcfe  parts,  and  as  it  forms  the 
bafis  of  all  of  them,  they  are  more  or  lefs  fufceptible  of 
being  diifolved  by  boiling  water,  and  of  forming  tranfpa- 
rent  jellies  on  becoming  cool.  From  experiments,  it 
appears,  that  gelatin  in  moft  of  it's  properties  bears  a 
great  refemblance  to  thofe  of  the  infipid  vegetable  muci- 
lages, if  we  except  thofe  that  afford  ammonia  by  heat 
and  mephitis  by  the  nitrous  acid,  which,  from  the  opi- 
nion of  Fourcroy,  may  be  attributed  to  a  portion  of  lym- 
phatic matter  or  albumen,  which  the  water  extrafts  at 
the  fame  time  with  the  gelatin,  particularly  when  jellies 
or  glues  have  been  prepared  by  flrong  deco6lion,  long 
continued. 

According  to  Hatchett,  gelatin  varies  in  it's  degree  of 
confiflience,  and  in  making  experiments  on  animal  fub- 
ftances,  he  had  frequent  opportunities  of  obferving  the 
various  degrees  of  vifcidity  and  tenacity  which  chara6le- 
rize  it,  and  which  he  has  noted  by  the  different  names 
of  mucilage,  fize,  and  glue.  In  young  animals  the  mu- 
cilage is  more  predominant,  and  it  becomes  diminiflied 
as  they  Increafe  in  growth  and  age.  Hence  there  is  every 
yeafon  to  conclude,  that  the  fub (lance,  which  in  very 
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young  animals  was  at  fiiTt  mucilaginous,  becomes  pro- 
greflively  more  vifcid,  and  atrumus  the  chara6lers  of  ge- 
latin ;  mucilage  is,  therefore,  the  moft  attenuated,  and 
the  lowed  in  order  among  the  modifications  of  gelatin. 
Gelatin,  he  found,  whether  in  the  (late  of  mucilage, 
fize,  or  glue,  when  completely  dried,  to  be  afleeted  by 
water  according  to  it's  degree  of  acidity,  and  examined 
by  the  tanning  principle,  and  nilro-muriat  of  tin  ;  mu- 
'cilage  is  more  immediately  affeclcd  by  the  latter  than  by 
the  former,  while  the  folutions  of  fize  and  glue  are  equally 
a£ted  upon  by  both.  When  thefe  three  varieties  arc 
fteeped  in  nitric  acid,  with  three  or  four  parts  of  water, 
they  alfo  progreflively  diffolvc  according  to  the  degree 
of  vifcidity  by  which  they  are  feparately  dillinguiflied. 
Gelatin,  according  to  it's  quantity  and  quality,  has  a 
powerful  influence  on  fome  of  the  phyfical  and  chemical 
properties  of  the  bodies  in  which  it  is  prefent,  viz.  on 
their  flexibility,  elallicity,  and  putrefcibility ;  for  when 
bodies,  fuch  as  mufcular  fibre,  membrane,  fponge,  hair, 
and  cuticle,  are  deprived  of  gelatin,  and  dried  in  the  air, 
they  become  rigid  and  brittle,  and  Ilatchett  has  no 
doubt,  but  that  this  arifes  from  the  lofs  of  the  gelatinous 
fubflance ;  and  as  an  additional  proof,  when  bodies,  fuch 
as  nail,  feather,  quill,  and  tortoife-lhell,  which  contain 
little  or  no  gelatin,  are  long  boiled,  and  then  dried  in  the 
air  like  the  former,  they  are  found  to  have  fcarcely  ful- 
fered  any  alteration  in  their  refpe^live  degrees  of  flexibi- 
lity and  elallicity.  As  to  putrefaftion,  it  is  obvious  that 
certain  parts  are  more  fufceptible  of  it  than  others,  thus 
the  vifcera,  mufcles  and  cutis,  foon  fuflfer  a  change; 
while  hair,  feather,  fcale,  hoof,  horn  and  nail  remain- 
imchangcd  for  ages  after  the  former  have  been  decom- 
pofed  ;  the  caufe  of  this  he  attributes  to  the-gelatin  and 
moifture,  which  are  combined  in  the  former,  and  not  in 
the  latter  in  any  notable  quantity  j  for  mucilage  difluh- 
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ed  in  water^  he  found  to  be  the  firft,  and  glue  the  laft 
that  fhovved  fymptoms  of  putrefatiion.  It  is,  therefore, 
the  prefence  of  gelatin  in  various  ftates  and  propor- 
tions (includins  moifture  and  or2:anic  arrantrement)  that 
is  the  principal  caufe  of  thofc  degrees  of  flexibility,  of 
claflicity,  and  of  putrcfcibility,  fo  various  in  the  different 
parts  of  animals. 


FIBRIN. 


Tm£  fibrous  part  of  animals,  when  pure,  is  of  a  white  It's  proper- 
colour,  without  fmell  or  tafte;  it  is  very  tenacious,  and 
capable  of  being  lengthened.  It  is  procured  in  this  fi;ate 
■by  walliing  the  coagulated  part  of  blood,  when  it  remains 
in  the  form  of  white  filaments  of  a  very  folid  confillence. 
it  is  infoluble  in  water  at  all  temperatures,  and  when 
boiled  it  hardens,  and  aifumes  a  gray  colour.  The  moft 
weak  acids  diflblve  it.  Diluted  nitric  acid,  according  to 
Berthollet,  difengages  a  larger  quantity  of  azot  gas  from 
it  than  from  any  other  animal  fubftance,  and  by  the  aid 
of  heat,  it  difTolves  it  with  effervefqence,  accompanied 
with  nitrous  gas  ;  when  all  this  gas  is  difengagcd,  oily 
and  faline  flocks  are  obferved  in  the  refiduum,  floating  in 
^  yellowifh  liquor,  which,  on  evaporation,  affords  cryf- 
^als  of  oxalic  acid,  and  a  larger  quantity  of  flocks,  com- 
pofed  of  a  fatty  matter,  and  phofphat  of  lime  is  depofited, 
'Concentrated  fulphuric  acid  converts  it  partly  into  water, 
partly  into  acid.  The  muriatic  acid  diflTolves  it,  and 
iforms  with  it  a  green  jellv.  The  acetous  likewife  difTolves 
:itby  the  aid  of  heat.  The  fibrin  is  precipitated  from  the 
acids  by  the  means  of  water,  and  more  particularly  by 
alkalis.  During  this  combination  with  the  acid,  the 
tlbrin  is  decompofed,  and  when  feparated,   no   longer 
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prefenls  the  fame  properties.  It  is  not  dlffolved  bv  al- 
kalis in  their  diluted  (late;  but  when  cauftic  and  con- 
centrated, they  attack  it  by  the  means  of  lieat.  Neutral 
falts,  and  mineral  fubftances,  have  no  effetft  upon  it. 

On  being  expofed  to  diftillation,  it  afl'ords  water  of  a 
faint  fmcll,  an  alkaline  phlegm,  a  ponderous,  thick,  and 
very  fetid  oil,  with  much  ammoniacal  chalk.  The  re- 
maining coal  is  not  bulky,  but  compact  and  heavy  ;  and 
is  lefs  difficult  to  incinerate  than  that  of  albumen.  The 
aflies  are  very  white,  and  contain  neither  faline  matter, 
nor  iron  ;  their  appearance  being  earthy,  fcem  to  conliit 
of  phofphat  of  lime. 

The  moft  gentle  heat  fuddenly  afFecls  fibrin  ;  it  flirinks 
into  a  fubftance  refcmbling  parchment,  and  when  expof- 
ed to  a  ftrong  heat,  becomes  like  a  piece  of  horn  or 
bone  ;  on  being  burnt,  it  crackles,  and  produces  a  very 
fetid  fmell  like  the  burning  of  feathers. 

It  putrefies  with  great  facility,  and  being  expofed  to  a 
hot  and  moift  air,  fwcjls,  and  affords  a  large  quantity  of 
volatile  alkali. 

The  only  parts  that  contain  fibrin  are  the  blood  and 
the  mufcles  5  in  the  firfl;  it  would  appear  to  be  in  a  ftate 
offolution,  or  at  leafi;  in  a  very  divided  ftate,  but  pofi^ef- 
ling  the  remarkable  properly  of  becoming  concrete  on 
cooling  and  repofe,  in  which  a  fibrous  texture  is  after- 
ward very  evident.  In  the  fecond,  it  is  condenfed,  con- 
creted, or  perhaps  to  ufe  a  more  appropriate  expreffion, 
organized  under  the  form  of  m.ufcular  flefh  ;  which,  ac- 
cording to  Fourcroy,  ought  to  be  confidered  as  the  real 
refervoir  of  all  the  fibrin  contained  in  the  blood.  In  this 
view  he  looks  upon  the  mufcles  as  certain  organs,  in 
which  this  animal  matter  is  depofited,  fo  as  to  conftituic 
their  bafis,  forming  the  fubfl:ance  that  is  moll  eminently 
irritable. 

Fibrin,  therefor?,  differs  greatly  from  albumen  3  it  is  4. 
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kind  of  animal  gluten  greatly  refembling  thai  of  flour, 
and  is  more  perfectly  aninialized  than  either  albumen  or 
gelatin,  from  it's  poiTefling  fo  great  a  proportion  of  azot. 
There  is,  however,  reafon  to  believe,  that  the  principal 
difference  between  it  and  gelatin  arifes  from  it's  contain- 
ing a  greater  quantity  of  oxygen ;  and  that  the  vital  power, 
by  caufing  the  gelatin  to  combine  with  a  larger  propor- 
tion of  the  oxygenous  principle,  converts  it  into  fibrin, 
or  oxygenated  gelatin  :  this  conclufion  is  greatly  Sup- 
ported by  the  obfervation  of  Seguin,  who  affirms,  that 
fubftances  capable  of  abforbing  oxygen  deprive  the  fi-  , 
brous  matter  of  it's  folidity,  and  convert  it  into  gelatin. 

From  the  experiments  of  Hatchctt,  it  appears.  Hot 
only  that  albumen,  gelatin,  and  fibrin,  differ  very  much 
from  each  other  in  their  relative  proportions  of  faline  or 
earthy  refidue,  but  alfo  in  the  proportion  of  one  of  their  » 

efTential  elementary  principles,  which  is  carbon  5  and  as 
in  vegetables  the  fibrous  part  contains  the  largeft  propor- 
tion of  carbon,  fo  in  animals,  mufcular  fibre  appears  to 
contain  the  greateft  quantity  of  it.  It  likewife  far  ex- 
ceeds the  others  in  it's  proportion  of  azot.  Thefe  three  * 
are  however  eafily  feparated  from  each  other  by  boiling 
water,  whenever  a  fubftance  containing  them  is  expofed 
to  it ;  the  gelatin  is  diffolved,  and  may  be  precipitated  by 
tan,  the  albumen  is  coagulated,  and  the  fibrin  remains 
unaffe£led. 

From  thefe  three  fubflances,  albumen,  gelatin,  zud/ibn'ny  Form  vari- 
in  a  flate  of  concretion,  either  fingly  or  forming  double  "^"j;^°"^  '" 
or  ternary  combinations,  and  more  efpccially  from  their 
different  proportions,  the  organs  of  animals  are  formed. 
They  likewife  compofe  a  great  part  of  the  animal  fluids, 
particularly  the  albumen  ;  in  thefe,  however,  there  is  lefs 
oxygen  and  more  water,  and  they  arc  befides  united  with 
acids,  neutral  falls,  phoiphat  of  lime.  Sec.  Gelatin  is 
yery  fparingly  found  in  the  fluids,  but  abounds  in  the 
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iblidsj  and  it.  appears  to  receive  it's  gelatinous  nature  on 
pafling  from  the  firil  into  the  laft.  Ii  is  alio  more  abun- 
dantly found  in  young  animals  ;  on  the  contrarj'^,  age  is 
more  adapted  to  the  formation  of  fibrin,  old  animals 
<u)nt.iining  a  greater  proportion  of  it.  It  i?,  however, 
the  albumen  that  appears  only  to  undergo  any  particular 
alteration  irooi  difeafe,  at  lead  in  the  blood.  Parmenticr 
and  Deyeux  affirm,  that  this  change  in  the  albumen  be- 
came particularly  fcnfiblc  in  the  ferum,  which  in  a  ftatc 
of.difcafe  never  acquired  that  complete  concretion  on 
expofure  to  heat,  which  always  took  place  in  healthy 
ferum  ;  but  a  certain  quantity  of  liquid  fepa rated  on  fini- 
ple  decantation.  The  morbific  aftion  had  no  influence 
m  thcfe  cafes  upon  the  gelatin  or  fibrin. 


OSSEOUS  MATTER. 

Thp:  fourth  fubfi:ance  that  is  joined  to  the  above  -three 
in  various  parts  of  animals  is  the  oflcous  matter  3  it  forms 
a  confiderable  part  of  the  animal  body,  particularly  of 
the  folid  organs,  and  is  the  great  bafis  of  fupport  to  the 
animal  fabric.  In  young  animals  it  is  in  fmall  quantity, 
but  increafes  in  proportion  to  the  age  ;  and  when  an  ani- 
mal has  obtained  it's  proper  proportion  of  this  oflcous 
matter,  it's  organization  is  completed,  whilfl;  as  age  ad- 
vances, a  fupcrabundant  quantity  is  dcpofited  in  almod 
every  part  of  the  body,  giving  rife  to  the  rigidity  of  the 
diflerent  organs  j  and  as  the  fibrin  in  fome  meafure  gives 
place  to  it,  the  funiTtions  become  greatly  impaired  ;  hence 
what  was  wanting  to  add  folidily  in  infancy,  and  produce 
it  in  the  adult,  in  old  age,  by  it's  great  accumulation, 
renders  the  fyfi-cm  incapable  of  a6llng  with  it's  accuf-, 
tomed  agility.     Of  all  the  parts  of  the  body  the  bones 
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contain  the  largeft  quantity  of  this  matter,  whence  it 
has  derived  it's  name  of  ojeous ;  the  original  texture  of 
thefe  oro-ans  being  membranous  and  porous  like  a 
fponse,  the  ofleous  matter  is  depofited  in  it,  forming 
thofe  hard  pillars  that  fupport  all  the  other  parts  of  the 
animal  machine.  It  is  not,  however,  only  prefent  in  the 
bones  of  man,  quadrupeds,  and  birds,  but  alfo  in  thofe 
of  fifh,  and  even  in  the  fkeletons  of  infciSls.  This  ofTe- 
ous  matter  is  an  earthy  fait,  or  the  phofphat  of  lime,  a 
nearly  infoluble  fubftance ;  for  an  account  of  which,  vide 
hones. 

The  component  parts,  therefore,  of  animal  fubftanees,  Contponer.t 
may  be  divided  into  two  kinds,  tFie  proximate^  and  J'e-VAndsT" 
mote. 

ift.  The  proximate  parts,  or  thofe  matters  that  may  be  i.  Proxi- 
feparated  from  animal  fubftanees,  without  their  organi- ™*'^^^'^** 
zation  fuffering  much  change,  are  albumen,  gelatin,  fi- 
brin, oils,  acids,  poifons,  aromas,  and  colouring  parts. 

2d.  The  remote  parts,  or  thofe  ultimate   component 

'  .  '  <2.  Remits 

parts  into  which  the  proximate  parts  are  decompofed,  parti, 
and  beyond  which  chemical  analylis  has  not  been  able  to 
penetrate,  are  oxygen,  hydrogen,  carbon,  azot,  foda,  ful- 
phnr,  phofphorus,  lime,  and  iron;  and  it  is  from  thefe 
in  different  proportions  and  combinations,  that  the  very 
complex  machine  of  animals  is  formed. 

On  comparing  animals   with  vegetables,  they  appear  Animal 
to  be  only  a  gradual  feries  from  a  more  or  lefs  perfect  compaicd 
fyflem  of  organization  ;   and  although  the  one  may  be  ^^hie^*^"^^' 
eafily  diftingiuQied  from  the  other,  in  their  more  perfect 
forms,  yet  as  we  defcend  towards  thofe  tribes  that  have 
been  faid  lo  form  the  limits  between  the  two  kingdoms, 
-    the  difference  feems  to  vanifli  by  degrees,  and  the  animal 
organization  is  loft   in   that  of  the   vcffctablc.     There  is 
great  reafon  to  believe  that  this  change,  \^iiich  is  for  the 
Rioft  part  external  and  phyfical,  is  equally  gradual  witli 
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rcfpcc'T:  to  their  component  part?,  fo  that  their  chemical 

analyfis  may  in  great   meafure  corroborate   the  oblcrva- 

tions  of  the  natural  hi  dorian. 

Diffwence       The  diflerence  that  cxifts  between  the  proximate  prin- 

ti*err**'mx'-  ^'P^^^  °^  animals    and  vegetables  confifts  either  in  their 

matepiin-   proportions  or  iheir  varieties;  thus 

ift.  Albumen  in  annuals  is  found  in  large  quantities, 
whilft  the  juices  of  vegetables  contain  verv  little  of  it. 

2d.  Gelatin  in  animals  is  much  fofier,  not  fo  eafily 
dried,  and  has  a  flronger  tafte  than  in  vegetables;  it  like- 
wife  attrafbs  humidity  from  the  air,  and  is  more  difpofed 
to  putrefy  than  in  the  laft. 

3d.  Fibrin,  in  animals,  though  analogous  to  the  glu- 
ten of  flour,  has  more  tenacity,  and  they  contain  it  in 
larger  quantity. 

4th.  Fixed  oils,  in  animals,  are  more  concrete,  and 
more  abundant  than  in  vegetables;  and,  according  to 
Berthollet  poflefs  different  charaftcrs,  for  animal  oils  give, 
on  diflillation,  an  alkaline  liquor,  whild  the  vegetable 
give  an  acid  ;  on  the  contrary,  the  volatile  oils  and  refins 
are  more  abundant  in  the  vegetable  tribes. 

5th.  Acids  appear  to  form  a  great  diiTercnce  bcLwecu 
the  two  kingdoms  :  for  allhough  fome  of  the  vegetable 
acids,  as  the  oxalic,  malic,  benzoic,  and  acetous,  are 
found  in  animals  ;  and  fome  of  the  animal  acids,  as  the 
febacic,  the  pruflic,  and  the  phofphoric  in  vegetables;  yet 
they  are  in  very  fmall  quantity,  and  ihe  bombic,  the  for- 
mic, the  lithic,  the  lactic,  faccholaclic,  and  the  amniotic, 
are  peculiar  to  animals  orilv.  Tlie  alkalis  likewife  arc 
different;  in  the  animal  foda  prevails,  in  the  vegetable 
potafh  i«  predominant. 

6th.  Poifons  are  lefs  abundant  in  animals  than  in  vege- 
tables, and  their  action  is  only  on  the  blood,  whilft  vege- 
table poifons  aA  on  the  ftomach.  Animal  poifons  like- 
wife  difpofc  the  body  to  a  more  rapid  putrefa6lion. 
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7th.  Animal  aromas  are  lefs  agreeable,  and  leis  various 
than  thofe  of  the  vegetable  kingdom. 

8th.  Animal  colouring  parts,  on  the  contrary,  are 
ranch  more  fplendld  and  beautiful  than  the  vegetable 
ones. 

9th.  The  difference   in  their  remote  parts  likewife  ap-  Between 

.  r  c  ,1     •  i.'  4.^  iheii- remote 

pears  to  anfe  more  from  their  proportion  than  any  new  ^^^.^^ 
psinciples;  but  fuice  it   is  in   thefe   that   chemifts  have 
founded  the  dillinguiriiing  charafters,  it  will  be  ncceflary 
to  give  it  more  in  detail. 

The  difference  that  conftitutes  the  elTential  character 
between  animal  and  vegetable  fubflances,  when  fubjefted 
to  analyfis,  was  but  very  imperfectly  underflood  before 
the  experiments  of  Berthollet,  to  whom  we  are  princi- 
pally indebted  for  what  is  knovin  on  this  fubjeft.  It 
had,  Indeed,  been  obferved,  that  the  a6tion  of  fire,  whicji 
was  almoft  the  only  chemical  agent  to  which  animal  fub- 
llances  had  been  fubmitted,  gave  rife  to  produ6ls  that 
were  much  more  dilagreeable  in  fmell  than  what  arole 
from  vegetables,  and  that  the  ftench  produced  from  them 
during  putrefa<Slion  was  likewife  equally  intolerable; 
but  even  Neumann,  one  of  the  moft  enlightened  of  the  i<rnorance 
chemifts  of  his   time,  feems  not  to  have  been  aware  of  ^*' '•'"-"  o''^ 

chemills» 

the  principle  that   conftitutes  the  chief  diftinclion,  or  of 
the  origin  of  the  difffuftino;  and  naufeatins:  effluvia. 

It  had  been  obferved  by  fome  chemifts,  that  animal 
fubftances  w^re  not,  however,  the  only  matters  whofe 
fpontaneous  or  artificial  analyfis  by  fire  was  fo  intoler- 
able ;  but  that  certain  vegetables,  particularly  of  the 
cruciform  tribes,  greatly  refemble  them.  Hence  Boer- 
haave  divided  plants  into  two  claftes;  in  the  _/??/?,  he 
placed  thofe  which  afforded  by  diftillation  water,  an  em- 
pyreumatic  acid  phlegm,  a  little  carboiiat  of  ammonia, 
and  a  charcoal.  In  {\\QfLCond^  thofe  which  afforded  a 
fetid  water,   a  verv  fetid   empvreumalic   oil,    carbonar  of 
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ammonia,  both  in  a  dry  and  liquid  form,  and  a  charcoal 
of  difficult  incineration.  The  produ6ls  of  the  laft,  it  is 
evident, made  them  approach  very  near  to  thofe  which 
animal  matters  afford,  and  on  this  account  they  were 
called  by  RoucUe  animal  plants,  as  partaking  of  the 
animal  nature ;  Uiey  form  by  much  the  fmallefl  clafs, 
comprifing  moll  of  the  acrid  plants,  Tuch  as  tobacco, 
fneczewort,  garlick,  onions,  muftard,  horferadlfli,  and  a\\ 
the  cruciform  plants,  except  the  cvambe  tataria;  the 
mulberry  I ikewife  belongs  to  this  clafs.  Beccaria  difco- 
vered  a  fubftance  that  is  nearly  animalized  in  flour  called 
gluten;  and  it  was  found,  that  phofphorus,  which  Mar- 
graaf  had  already  difcovered  in  plants,  always  made  a 
component  part  of  them. 
Reafonof  Chemifts  were,  however,  ftill  ignorant  of  the  reafons 
"■  of  thefe  differences,   and  it  may  be  eafily  accounted  for, 

on  confidering  how  little  they  were  acquainted  with  the 
action  of  reagents  on  organized  matters,  and  more  parti- 
cularly from   their  want  of  knowing  the   nature  of  the 
,  gafeous   fluids,   for   the   difcovery   of   the   properties   of 
which  modern  chemiftry  is  fo  juftlv  celebrated.     Con- 
jefturc,  however,  fupplied  the  place  of  fafts ;  and  it  was 
attributed  to  the  greater  proportion  of  phlogifton,  and  it's 
lefs  firm  combination  with  the  other  principles  of  animal  " 
Difcovered  matters  than  of  vegetables,  until  Prieftley  made  the  difco- 
by    neiHy.  y„j.^,^  j^je  found,  on  treating  vegetables  with  fplrit  of  nitre, 
that  befides  fixed  air  nitrous  air  was  produced.     On  the 
contrarv,  animal  fubftances  treated  in  the  fame  manner, 
inftead  of  nitrous,  afforded  phlogiflicated  air.     Berthollet, 
Applied  by  taking  advaiTtage  of  this  difcovery,  and  extending  his  re- 
Bcrihoiiet.   fearches  on  the  fubieft,  found,  that  on  eftimatinp;  the  re- 

A7.ot  lonns  J        ^  '  ^  o 

the  great  fults  that  arofc  from  the  analyfis  of  animal  and  vegetable 
berweei)  the  niattcrs,  the  principal  difference  between  them  was  really 
an.ihai^^.:d  o^,i„(r  to  the  air  which  Pricilley  had  called  phloe;iflicaled, 
W'-iicJ.        and  which  he  named,  according  to  the  new  theory,  azot 
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^.     Hence  to  the   prefence  and  proportion  of  azot  in   _ 
animal  fubftances,  and  to  the  great  quantity  they  in  ge- 
neral contain  are  to  be  attributed, 

1.  Their  property  of  affording  a  much  larger  quantity 
of  ammonia  than  vegetables,  and  of  giving  fuch  very 
fetid  produfts. 

2.  Of  affording  a  much  larger  quantity  of  azot  gas, 
particularly  when  treated  with  the  nitric  acid. 

3.  Of  affording  a  great  deal  of  pruffic  acid. 

4.  Of  contributing  fingularly  to  the  formation  of  the 
nitric  acid,  while  the  remaining  remote  parts  of  organized 
beings  contribute  to  make  their  djvifion  and  difference 
llill  more  evident  i  thus, 

5.  Oxygen,  which  is  in  very  fmall  quantity  in  animals, 
abounds  in  vegetables  ;  on  the  contrary, 

6.  Hydrogen,  phofphorus,  and  fulphur,  are  more 
abundant  in  animals,  and  it  is  from  the  different  pro- 
portions of  thefe  parts  that 

Animals  are  more  fubjed  to  the  putrid  fermentation; 

Vegetables,  to  the  fpirituous  fermentation: 

Animals  afford  an  alkali  j 

Vegetables  an  acid  : 

Animals  have  a  coal  of  difficult  incineration  ; 

Vegetables,  of  eafy  incineration. 

The  predominancy  of  the  quantity  of  ^zi?/  in  animal 
fubflances  is  therefore  looked  upon  by  chemifls  as  the 
efficient  caufe,  that  more  particularly  diflinguifhes  them 
from  vegetables,  more  fo  than  the  greater  or  lefs  propor- 
tion of  any  of  their  other  remote  parts;  the  fimple  ve- 
getable is  even  faid  to  be  entirely  without  it,  and  to  con- 
fift,  according  to  Lavoifier,  only  of  the  three  principles, 
oxygen,  hydrogen,  and  carbon,  azot  being  only  prefent 
m  thofe  vegetables  that  are  more  or  lefs  animalized.  Azot^ 
however,  exifls  in  different  proportions,  even  in  animals. 
Gelatin  affords  the  leafl  quantity  of  itj  albumen  has  i; 

VOL.    II.  H   H 
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in  larger  proportion ;  but  of  all  the  parts  of  ati  animal, 
the  fibrin  aiTbrds  the  mofl:.  It  differs  likewife,  according  to 
the  age  and  fpecies  of  the  animal ;  thus  the  flefh  of  voung 
animals  affords  lefs  than  that  of  old,  the  difference 
amounting  even  to  j.  The  fleih  of  carnivorous  animals 
gives  fomewhat  more  than  that  of  the  frugivorous  clafs; 
fi(hes  afford  it  more  readily  than  quadrupeds,  and  it  always 
is  perfectly  correfpondent  to  the  quantity  of  ^qimonia 
produced  by  the  a£lion  of  fire. 
Conclufion.  From  this  principle  being  wanting  in  vegetables,  it 
may  be  concluded,  that  it  animal  matters  be  deprived 
of  it,  they  will,  in  fome  meafure,  be  brought  back 
to  the  ftate  of  vegetable  matter;  and  that  to  animalize  the 
laft,  it  is  neceffary  to  add  azot :  and  this  is  effc£l:ed  by- 
nature,  in  the  firft  inftance,  in  the  decompofition  of 
animal  bodies  by  putrefa6lion  ;  and  in  the  fecond,  when  ' 
fhe  compofes  them  by  animalization.  Chemiftry,  lefs 
perfect  than  nature,  has  arrived  at  prefent  only  at  the 
means  of  performing  the  firft  procefs,  or  of  reducing 
them  to  a  lefs  complex  flate  by  analyfis  j  to  compound 
them  again,  or  produce  animal  matters  from  vegetables 
by  fynthefis,  fhe  has  at  prefent  been  utterly  incapable, 
the  principle  of  life  not  being  at  her  difpofal. 

Fourcroy's  Elements  of  Chemiftry,  vol.  4. — Anfangf- 
grunde  der  Chemie  von  G.  Friedr.  Hildebrandt,  3  b. 
Erlangen,  1794 — Memoives  dc  I'Academie  Imperiale  ct 
Royale  des  Sciences  et  Belles  Lcttres  a  Bruxelles,  par  von 
Bochaute,  torn.  4.  17S3. — Berthollet  fur  la  Nature  des 
Subftances  Animales  &c  fur  leurs  Rapports  avec  les  Sub- 
ilances  Vtgetales,  Mem.  de  I'i^cad.  Royal,  p.  331.  An. 
1785 — Philofophie  Chimiquc,  par  A.  F.  Fourcnn-.  p. 
13.  ed.  van  M»ns.  Bruxellc.-;.  An.  3.  de  la  Ri-publique. — 
M  moire  fur  I'Exiflcnce  de  la  Maticre  Albumincnfe 
dans  ]es  Vegetaux,  par  Mr.  Fourcroy.  Annal.  de  Chimi?;, 
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p.  252,  toni.  3. — Recherches  pour  fervlr  a  I'Hiftoire  du 
Gas  Azote,  ou  de  la  Mofette,  comme  Principe  des  Ma- 
tieres  Animales,  par  Monf.  Fourcroy.  Annal.  dc  Chi- 
micj  V.  J .  p,  40. — Experiments  and  Obfervations  on  dif- 
ferent kinds  of  Air,  &c.  by  Jos.  Prieflley,  L.  L.  D. 
F'  R.  S.  vol.  iii.  p.  17.  1790.  Birmingham. — Chemical 
Experiments  on  Zoophytes,  with  fonie  Obfervations  on 
the  Component  Parts  of  Membrane,  by  Charles  Hat= 
ehett/Efq.  F.  R.  S,    Phil.  Trans.  ISOQ. 
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APPENDIX. 

The  parts  of  animals  hitherto  examined  have,  with 
verj'  few  exceptions,  been  taken  from  the  human  fubje6t, 
and  thofe  animals  which  Daubenton  has  placed  amongd 
the  quadrupeds,  and  there  now  remains  to  give  an  ac- 
count of  the  produds  that  have  been  extraded  from 
oviparous  quadrupeds;  ferpenls,  lnfe6ls,  and  worms. 
The  imperfeft  manner  in  which  the  analyfis  of  thefe  four 
laft  clafles  has  been  made,  prevents  their  being  introduced 
in  the  preceding  divifion  5  for,  as  in  general,  the  whole 
animal  has  been  the  fubjeft  of  the  procefs,  it  would  be 
jmpoflible  to  afcertain  to  what  particular  part  the  prO" 
duds  obtained  ought  to  be  attributed. 


OVIPAROUS   QUADRUPEDS   AND   SERPENTS. 

Oviparous  These  animals  have  in  general  a  flronger  odour  or 
andfe:-  fmell  than  the  parts  of  that  clafs  of  quadrupeds  already 
pcnts,  examined;  they  are  found  to  contain  a  much  larger, 
proportion  of  faline  matter,  affording  a  large  quantity  of 
volatile  alkali,  after  having  been  triturated  with  oil  of 
tartar,  and  fubmitted  to  diftillation  by  a  gentle  heat. 
Amongft  thefe,  the  tortoife,  the  frog,  the  toad,  the 
lizard,  the  viper,  and  the  fnake,  have  been  employed  in 
medicine,  either  by  regular  pra6litioners,  or  by  quacks  ; 
and  great  virtues  have  been  attributed  to  them  in  the  cure 
of  different  difcafes,  but  a  more  experienced  age  has, 
nearly  exploded  their  ufe. 


APPENDIX.  469 

It  appears  from  the  experiments  ofThouveael,  that 
thefe  animals,  on  analyfis  by  heat,  afforded  a  jelly  which 
was  more  or  lefs  light  and  vifcous;  a  pungent,  bitter,  and 
deliquefcent  extrail ;  an  albuminous  concrefcible  fub- 
ilancej  an  ammoniacal  lalt;  and  an  oily  fubftanceofa 
peculiar  tafte  and  fmell^  part  of  which  was  foluble  in  al- 
cohol. 


INSECTS.  LiWis, 


ANTS, 


This  Induftrlous  animal,  fo  noted  for  the  care  of  it's  Ants. 
effgs,  by  conveying  them  to  receive  the  warmth  of  the  fun, 
and  carrying  them  off  on  his  difappearance,  or  on  the 
approach  of  rain,  and  fo  much  celebrated  for  it's  repub- 
lican mode  of  government,  has  already  prefented  a  pe- 
culiar acid  to  the  chcmift,  called  the  formic  acid ;  it  now 
remains  to  give  an  account  of  it's  other  properties.  It 
appears  to  be  an  omnivorous  animal,  living  on  grain,  the 
fweet  juices  of  vegetables,  and  the  fiefhy  parts  of  ani- 
mals. From  this  laft  circumftance,  the  anatoniift  is  fur- 
niflicd  with  an  affiftant,  by  which  he  may  obtain  the 
(keletons  of  fmall  animals,  worked  in  an  exquifitely  neat, 
beautiful,  and  perfedl  manner,  and  far  furpaffing  any 
thing  than  can  be  executed  by  the  art  of  man.  The  ani- 
mal, whether  frog  or  moufe,  muft  be  enclored,  for  this 
purpofe,  in  a  wooden,  or  other  box,  perforated  with  a 
number  of  holes,  and  placed  in  or  near  an  ant-hillock; 
and  it  will  be  found,  that  in  a  few  days  every  part  of  the 
animal  will  have  been  devoured  except  the  bones  and  li- 
gaments. , 

Thi^  anjrpal  hjis  been  fuppofed  to  furniih  a  fubftance 
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of  a,  refinous  nature,  formerly  ufed  in  medicine,  and 
thought  to  pofTefs  peculiar  virtues  j  it  is  found  in  pieces, 
on  fearching  the  ant-hill,  and  was  diftinguifhed  by  the 
names  of  wild  frankincenfe,  fuffimentum  filvcftre,  thus 
germanicum,  maftix,  and  clc6lrum  formicarum;  but  on 
a  more  exaft  examination,  it  appears  to  be  nothing  elfe 
than  the  common  refin  of  the  fir,  at  the  roots  of  the  old 
trees  of  which  thefe  animals  generally  lodge  3  their  rea- 
fon,  however,  for  collefting  it,  is  unknown.  Accord- 
ing to  Neumann,  ants  are  deftroyed  bv  flrewing  a  large 
quantity  of  unflacked  lime  about  their  hills. 

Neumann,  in  his  analyfis  of  this  infefl  by  heat,  dif- 
tilled  two  parcels  in  a  retort ;  the  one  confifted  of  ants, 
from  which  water  had  been  previoufly  extracted  in  bain, 
mar.,  then  exficcated  ;  the  other  parcel  was  compofcd  of 
frefh  ants.  Twenty-four  ounces  of  the  firft  afforded  him 
four  ounces  and  half  of  empyreumatic  oil,  three  ounces 
and  half  of  urinous  fpirit,  two  drachms  and  half  of  con- 
crete volatile  fdt,  one  drachm  of  fixed  alkaline  fait,  and 
eight  ounces  of  earth  ;  whilft  no  acidity  was  obferved 
during  the  proccfs.  The  fame  quantity  of  the  fecond 
afforded  eleven  ounces  two  drachms  of  an  acid  fpirit, 
iix  ounces  fix  drachms  of  an  urinous  fpirit,  one  ounce 
and  half  of  empyreumatic  oil,  one  drachm  and  half  of 
concrete  volatile  fait,  and  nearly  three  ounces  of  earth 
remained,  which  gave  half  a  fcruple  of  fixed  fait.  Ano- 
ther circum  fiance,  befides  that  of  the  total  elevation  of 
the  acid  by  diflillation,  even  in  bain,  mar,,  occurred  to 
this  chemifl,  for  having  extra6ted  fome  fpirit  of  wine 
from  a  quantity  of  ants,  and  cohobated  the  fpirit  upon 
two  or  three  frefii  parcels,  he  found  fwimm'ng  upon  the 
diflilled  liquor  a  fine,  dear,  eflential  oil,  a  phenomenon 
extremely  rare  in  the  animal  kingdom,  and  which  was 
corroborated  by  obtaining  the  fame  by  diflillation  with 
water.    This  cfTential  volatile  oil,  obtained  by  digcf^ion 
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\vlth  the  fpirlt  of  wine,  forms  the  fpirit  of  magnanuTjity 
of  Hoifmann.  This  sethereal  oil  was  already  known  to 
Sperhng.  Margraaf  likewife  obtained  it ;  but  Rouelle 
ivas  fcarcely  able  to  obferve  a  trace  of  it;  twelve  ounces 
only  gave  him  a  drop.  Hermbftadt,  on  diftilling  fixteen 
ounces  of  ants  with  three  times  the  quantity  of  water, 
obtained  one  drachm  fix  grains  of  it.  According  to 
Thouvenel,  ants  on  analyfis  afford  produfts  fimilar  to 
bodies  from  the  vegetable  kingdom,  ift.  A  very  fliarp 
volatile  acid.  2d.  A  volatile  oil,  refembling  the  effential 
oil  of  plants.  3d.  A  fat  oil,  which  is  not  attacked  by 
alcokol,  and  refembles  fat  vegetable  oil.  4th.  An  ex- 
tractive matter,  partly  foluble  in  water,  partly  in  alcohol. 
5th.  A  web  or  fhining  fubilance,  without  tafte  or  fmell, 
v^'hich  (lightly  tinges  fpirit  of  wine,  and  the  nature  of 
which  is  not  known. 

From  the  experiments  on  ants,  it  appears,  that  they 
canfift  of  an  acid,  which  is  very  volatile ;  an  effential 
oil  extra«rtcd  by  alcohol  in  very  fmall  quantity  ;  a  fixed 
oil,  three  drachms  of  which  are  extrafled  by  boiling, 
and  then  preffure,  from  one  pound  of  ants,  which  is  of  a 
greenifh  yellow  colour,  congeals  at  a  much  warmer  tem- 
perature than  olive  oil,  and  which  refembles  wax ;  and  an 
extra<St  :  this  laft  is  taken  from  the  evaporated  decoftion, 
is  of  a  reddifh  brown  colour,  has  a  fetid  odour,  is  acid, 
bitter,  and  naufeous  to  the  tafte,  of  acafeous  confiftence, 
and  is  feparated  into  two  parts  by  the  fuccelfive 
application  of  water  and  alcohol.  The  parcnchyuia  of 
the  animal,  deprived  of  thefe  fubftances,  amounts  nearlv 
to  three  ounces  two  drachms  per  pound. 
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CANTHARIDES. 


This  fpecles  of  Iufe6l  is  well  known  from  it's  ftimu- 
lating  property  of  raifing  blifters^   and  hence  it  is  em- 
ployed in  the  praftice  of  medicine.     It  is  of  a  bright 
fhining,  greenifli,  golden  colour,  with  ablueifli  hue.  Can- 
tharides  wereformerly  brought  from  Spain,  and  hence  ob- 
tained the  appellation  of  Spanifh  Flics,  but  they  are  pro- 
duced in  great  numbers  in  France,  Germany,  and  other 
parts  of  the  continent.     It  is  principally  from  the  afli  and 
the  poplar  they  are  colle6led.     The  ufual  method  of  kill- 
ing them,  according  to  Neumann,  is  by  the  fleam  of 
diftilled   or  flrong  vinegary    but   Lewis  obferves,  that 
vinous  fpirits,   as  they  are  ufed  for  the  curation  of  miller 
pedes,  are  much  better  calculated  for  the  deftru6lion  of 
cantharides,  as  well  as  of  all  other  infe6ls  ;  for  the  fteam 
cf  alcohol,  or  the  liquor  itfelf,  when  fprinkled  upon  them, 
is  not  only  an  immediate  deftroycr,  but  ha&  likewife  th^ 
property  of  preferving  them  from  decay.     The  flies  are 
afterward  dried,  and  made  into  parcels,  fo  as  to  be  fe- 
cured  from  the  air.     By  long  keeping,  however,  they 
fall  by  degrees  into  a  grayifh  or  brownifh  powder,^  and 
in  this  (late  are  unfit  for  ufe,  their  intrlnfic  quality  be- 
ing found  to  perifh  with  their  external  form.     The  mofl 
durable  are  the  wings,  which  remain  entire  after  the  body 
of  the  infeiSl  has  mouldered  into  duft. 

Cantharides,  when  frefh,  have  a  flronor  fetid  fmell : 
when  applied  to  the  tongue,  they  make  no  imprcflioa 
upon  it,  but  in  a  (liort  tim-e  a  degree  of  acrimony  and  a 
kind  of  pitchy  tafte  are  dlfcovered.  Applied  to  the  fkin, 
they  raife  a  blifter  upon  the  part.  The  Simulating  power 
of  this  infeft  has  been  attributed  to  an  acrimonious  cauf- 
tic  fait  J  but  according  to  Neumann,  experiment  does 
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tiol  difcover  any  faline  principle  to  be  prefcnt  m  their 
compofition,  fince  the.a£lion  of  a  ftrong  heat  produces 
only  the  fame  volatile  alkali  coniBion  to  all  animal  fub- 
ftances.  They  communicate  all  their  aiSlivity  to  vinous 
fpirits,  without  lofing  any  of  their  form,  and  their  native 
principles  Neumann  affirms  to  be  a  refinous,  a  gelati- 
nous, and  an  earthy  matter,  vvhilft:  the  principle  in  which 
their  a£llvity  folely  and  wholly  refides  is  the  rcfin.  This 
refinouK  extraft  is  acrid  and  naufeous  to  the  tafte,  and 
biifters  the  ficin  like  the  fly  in  fubftancc,  whilft  the  gela- 
tmous  matter  freed  from  the  refinous,  is,  like  the  earthy 
part,  infipid  and  inaftive.  On  diftillatlon,  this  chemifl 
obtained  on  an  open  fire,  from  three  ounces  of  the  infeft, 
one  ounce  of  urinous  fpirit,  two  drachms  of  empyrcu- 
matic  oil,  and  two  drachms  ten  grains  of  volatile  fait. 
The  caput  mortuum  weighed  ten  drachms,  and  when 
calcined,  and  elixated,  fcarcely  afforded  one  grain  of  fa* 
line  matter. 

According  to  Lewis,  this  infe«Sl  communicates  nothing 
©f  it's  fine  green  colour  either  to  water  or  fpirit  of  winCc 
It  renders  the  firft  of  a  muddy,  yellowifh,  or  brownifli 
colour,  and  is  deprived  confiderably  of  it's  beauty.  Th« 
fecond  it  renders  of  a  bright  yellow,  and  itfelf  becomes 
more  beautiful  and  brighter  than  before.  The  active  part 
is  equally  extracted  by  both  menflrua,  the  gelatinous 
lubflance  rendering  the  other  foluble  in  water,  the  fame 
as  the  gummy  parts  of  vegetables  do  the  refinous.  Ex- 
trails  made  from  them,  according  to  this  chemifl,  bhf- 
tered  equally  alike,  and  as  effeftually  as  the  cantharides 
in  fubftance,  but  the  two  refidua  vvere  equally  inac- 
tive. 

According  to  the  experiments  of  Thouvenel,  cantharides 
confift,  Ifl.  Of  a  parenchyma,  the  nature  and  properties 
of  which  he  has  not  determined,  and  which  amounts  to 
felftbe  wejgiit  of  the  dried  mk^,     ?d.   Of  one  fourth     > 
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of  a  reddifh  bitter  extraftive  matter,  refcmbllng  that  of 
ants,  and  which  aftbrds  an  acid  on  diftillation.  3d.  A 
fmall  quantity,  amounting  to  about  twelve  grains  in  the 
ounce,  of  a  yellow,  oily,  or  rather  wax-like  matter, 
which  produces  the  golden  yellow  colour  of  the  infeft. 
4th.  Sixty  grains  of  a  green  oily  fubftance,  analogous  to 
wax,  of  a  (harp  tafte,  and  in  which  the  odour  of  this  in- 
fect principally  refides. 

This  fubftance,  on  diftillation,  gives  a  Very  penetrat- 
ing acid,  and  a  concrete  oil,  refembling  wax.  Water  dif- 
folves  the  extra»St,  the  yellow  oil,  and  even  a  little  of  the 
green  oil ;  but  ether  attacks  only  this  laft,  and  may  be 
fuccefsfully  employed  to  feparatc  it  from  the  others.  The 
virtue  of  the  cantharidcs  feems  to  depend  on  this  kind  of 
green  wax.  Many  experiments  have  convinced  this 
chemift,  that  the  extra£t  fo  envelopes  the  oily  part,  as  not 
to  be  entirely  foluble  in  fpirit  of  wine ;  hence  to  obtain 
this  laft  at  the  fame  time  with  the  extra6live  matter,  fo 
as  to  form  in  general  a  tinelure  well  charged  with  thefe 
infe£ls,  it  is  necefiary  to  ufe  equal  parts  of  alcohol  and 
water  mixed  together.  On  diftilling  this  mixed  tin6lare, 
the  alcohol  that  is  extracted  preferves  a  flight  odour  ©f 
the  cantharides,  and  the  diflerent  matters  it  held  in  folu- 
tion  feparate  from  each  other  in  proportion  as  the  eva- 
poration goes  forward. 

From  bees  and  wafps  this  chemift  obtained  likewife  a 
fat  matter  refembling  wax,  but  the  extraft  he  found  to 
differ  from  that  of  ants  only  in  tafte  and  colour.  With 
refpeft  to  the  May  bugs,  (ineloe  profcarabeus  8c  maialis) 
according  to  GeofiVoy,  they  contain  much  oil  and  vola- 
tile fait;  and  Thouvenel  obtained  from  them  a  very 
Sinking  fluid,  a  colouring  matter,  an  extract,  and  a  fat 
fubftance  that  diflTolved  in  alcohol  and  ether.  This  laft 
he  found  to  a6l  particularly  on  the  flcin. 

According  to  Accum,  the  yellow  matter  depofited  in 
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vefleU  containing  fpiders,  preferved  in  alcohol,  is  a  true 
wax,  and  it  may  be  obtained  from  thefe  animals  by 
geotly  heating  them. 


WOODLICE. 


We  are  informed  by  Neumann,  that  on  diftillation  df 
thefe  infe^ls,  watery  liquors  extraft  confiderably  more 
that  fpirituous.  It  had  been  commonly  fuppofed  that 
this  infcvSl  contained  a  nitrous  fait,  from  it's  living  in  cel- 
lars, and  other  places  impregnated  with  nitre  ;  and  hence 
it  was  ufed  in  medicine  in  different  difeafes ;  but  this 
chemift  was  not  able  to  extraft  any  of  this  fait  by  ana- 
lyfis.  A  more  exaft  examination  of  thefe  infe6ls  has 
been  made  by  Thouvenel,  which  prefented  him  with  pe- 
culiar properties.  By  diftillation  on  the  water  bath, 
without  addition,  he  found  them  to  afford  an  infipid  and 
alkaline  phlegm,  fometimes  effervefcing  with  acids,  and 
changing  violet  iirup  green;  in  this  operation,  they  loft 
five  eighths  of  their  weight.  Treated  afterward  with  water 
and  alcohol,  they  afforded  two  drachms  of  foluble  mat- 
ter in  the  ounce,  of  which  more  than  two  thirds  was 
extraftive  matter,  and  there  remained  an  oily  or  waxy 
fubftance.  Thefe  two  products  are  eafily  feparated  by 
ether,  which  diffolves  the  laft  without  touching  the  ex- 
traft.  Thefe  matters  differ  from  thofe  of  ants  and  can- 
tharides,  by  affording  more  carbonat  of  ammonia,  and 
no  acid  in  diftillation,  Sec.  It  is  obferved  bv  this  che- 
mift, that  amongft  infe£ls,  the  woodlice  appear  to  have 
the  fame  relation  to  ants  and  cantharides,  that  oviparous 
quadrupeds  and  ferpents  have  with  refpe6l  to  real  or 
■yiparous  quadlrupeds.  The  neutral  falts  contained  in  thefe 
infttSls  are  very  fmall  in  quantity,  and  difticultto  extra6V, 
He  obtained,  however,  rauriats  of  lime  and  of  potafli. 


i  7  6  A  PWNlplX. 


WORMS. 

Wormi.  Earth  worms,  or  lumbru;l,  are  the  InliabitanlS  more 

particularly  of  mold  fat  grounds,  and  are  not  fond  of  dry 
fands,  in  which  they  are  rarely  or  never  fcen  ;  after  rain, 
they  rife  to  the  furface  to  enjoy  the  moifture,  when  they 
fall  a  prey  to  different  birds,  and  this  is  the  bc(t  time 
of  coIIe«^ling  them.  Reaumur  propofes  their  colIe6tion 
in  order  to  feed  domcftic  fowls  inilead  ')f  grain,  comput- 
ing that  they  exceed  in  quantity  that  of  every  kind  of 
grain  reaped  by  man.  They  were  formerly  ufed  in  me- 
dicine, but  as  they  foon  become  putrid  on  account  of 
their  copious  fliiny  juice,  it  is  necelTary  for  prefcrvation 
immediately  to  dry  them  eithf^r  before  the  fire  or  fun. 
We  are  informed  bv  Neumann,  that  if  thefe  earth- 
worms be  moiltened  with  wine  or  vinous  fpirits,  to  pre- 
vent their  putrefa6lion,  and  placed  in  a  wide  mouthed 
glafs,  iri  a  cellar,  they  are  in  a  few  days  almoft  wholly 
refolved  into  a  flimy  liquor.  He  found  that  on  digedion 
of  frefli  worms  in  water  or  redlified  fpirit,  the  quantity 
of  extra6t  obtained  from  the  firft  is  not  only  greater  in 
quantity  than  from  the  fecond,  but  the  collective  quan- 
tity extra6led  by  both  menftrua  was  greater  when  water, 
than  when  fpirit  was  firft  applied.  He  found,  that  wa- 
tery liquors  extra«Sled  like\yife  more  from  woodlice,  and 
confiderably  more  than  fpirituous  ones,  although  the 
quantity  of  matter,  foluble  in  either,  was  not  nearly  fo 
large  in  them  as  in  the  earth  worm.  When  dried,  and 
djftillec^  in  an  open,  fire,  they  aflbrded  him  a  volatile  uri- 
nous fpirit,  concrete  volatile  fait,  empvreumatic  oil,  and 
the  remainder,  after  incineration  and  lixiviation,  gave  a 
fixed  alkaline  fait.  If  pvxtrid  before  diftillation,  the  pro- 
du^  is   aimpft  merely  a  phlegm,  or  oiily  a  very  little 
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oil,  and  volatile  fait.  According  to  ThouvcneJ,  earthr 
worms,  as  well  as  woodlice,  conftantly  afforded  him 
the  muriats  of  lime  and  of  potafh,  vvhilft  in  ants  apd  can- 
tharides  thefe  two  bafes,  the  firft  of  which  always  ap- 
peared to  him  to  he  more  abuqdantj  are  united  to  aa 
acid,  which  has  the  charailer  of  the  phofphoric.  It  is 
neceflary  however  to  obferve,  that  this  chemift  has  nei- 
ther defcribed  the  methods  of  cxtra6ling  thefe  falts,  nor 
the  procelTes  he  employed  to  afcertain  their  nature. 

Neumann's  ChemiHry  by  Lewis. — Thouvenel  Ana- 
lyfc  des  Infe6les,  Hift.  de  la  Socie'te  de  Medecine  da 
Paris,  p.  33  1.  1776.— Fourcroy's  Elcmensi,  tom.  4. 
4th  edit.  Paris,  1791, 
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